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TESTS OF TIMBER BEAMS.
I. INTRODUCTION.
1. Preliminary.-Although timber has long been an import-
ant structural material, it is recognized that our knowledge of
its structural properties is still quite inadequate, even though
the work of recent years has added much valuable information.
Generally speaking, the values for the strength of the various
species of wood given in engineering text-books have been based
on tests of small pieces taken from what may be considered to be
selected wood, and until recently the number of tests on sticks
of structural sizes has been very small. In view of the growing
scarcity of timber and the necessity of utilizing the poorer
grades, as well as because the competition with other structural
materials is increasing, it would seem that the need for fuller
information on the structural properties of timber is a matter of
importance. It was with the view of adding data on the proper-
ties of timber in the form of stringers as used in many railroad
structures and of the quality which may be expected to be found
under the ordinary methods of purchase by railroad companies
and others that this series of tests was undertaken.
The timber stringers were 8 x 16 in. x 15 ft. to 7 x 12 in. x
14 ft. in size. One hundred and twelve sticks were tested. The
woods included longleaf pine, shortleaf pine, loblolly pine, and
Douglas fir. A number of creosoted pine stringers were among
those tested. The stringers were tested as beams with the load
applied equally at the one-third points of the span length. The
dimensions of the sticks were such as to bring out the strength
of timber in horizontal shear. The influence of such defects as
knots, seasoning checks, and wind shakes may be seen in the re-
sults. Minor test pieces were cut from the stringers and their
flexural and shearing strength determined, and the relation of the
properties of the smaller test pieces to the full-size stringers may
be studied. It will be seen that the data of the tests have a bear-
ing upon the properties of timber stringers under the conditions
of ordinary purchase and practical service.
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2. Acknowledgment.-The tests were made possible through
the co-operation of the Illinois Central Railroad Company, and
the Chicago, Rock Island and Pacific Railroad Company, which
furnished the stringers. Mr. R. E. Gaut, Engineer of Bridges,
and Mr. E. H. Bowser, Chief Timber Inspector, of the Illinois
Central Railroad, were instrumental in selecting and providing
the pine timber, and acknowledgment is made of their interest
and helpfulness. Mr. J. B. Berry, Chief Engineer, Chicago,
Rock Island and Pacific Railroad, furnished the fir stringers for
these tests. The tests were carried on as work of the Engineer-
ing Experiment Station. Mr. W. R. Robinson has given helpful
assistance in putting the results into form.
3. Notes on Timber Testing.-As already stated, the values
for the strength properties of timber most generally cited in text-
books and pocket-books in the past were evidently determined
from small selected sticks. One text-book gives the strength of
yellow pine in tension as 15 000 lb. per sq. in., in compression
9000 lb. per sq. in., and in longitudinal shear 500 lb. per sq. in.
An engineers' pocket-book gives the value of the modulus of rup-
ture of yellow pine as 15 300 lb. per sq. in. Lanza* cites several
authorities as giving mean values of the modulus of rupture of
yellow pine from 9000 to 15 000 lb. per sq. in., but the results of
his own tests he reports as averaging 7500 lb. per sq. in. for modu-
lus of rupture and 224 lb. per sq. in. for longitudinal shear and he
very emphatically shows that the strength of commercial timber
is much lower than usually quoted. Johnson* gives for yellow pine
9000 lb. per sq. in. in compression, 13 000 lb. per sq. in. in cross
breaking and 600 lb. per sq. in. in longitudinal shear, while for lob-
lolly pine, values of the corresponding strengths are 7000, 10 000,
and 400 lb. per sq. in. The handbook of the Southern Lumber
Manufacturers' Association (1904) gives for longleaf pine the
following strengths: tension 15200 lb. per sq. in., compression
6850 lb. per sq. in., cross breaking 10 900 lb. per sq. in., longitu-
dinal shear 706 lb. per sq. in.; for shortleaf pine the correspond-
ing values are 13 400, 5900, 9230, and 688; and for loblolly pine
14 400, 6500, 10 100, and 690. These values are stated to be based
upon 15% moisture content on beams from which defective pieces
were excluded and to give fairly well the range of strength of
commercial timber. With such illustrations as these in mind, it
*Applied Mechanics, by G. Lanza. The Materials of Construction, byJ. B. Johnson.
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does not seem strange that engineers may hold to higher values
for the strength of commercial timber than'later tests have shown
to be tenable. A comparison of the foregoing values with the
tests herein recorded shows that these tests gave strengths much
lower than the values which are commonly cited.
The tests made on full-size pieces (structural sizes) have
shown that the defects commonly found in commercial timber
have a considerable influence on their strength, and it seems
reasonable to expect that tests should be made on sticks of the
size which is to be used and that the sticks should be selected in
a manner similar to the way in which they will be chosen in the
market, if it is desired to establish their strength under commer-
cial conditions. Some of the earlier tests on so-called full-size
sticks were not on structural sizes, but a number of series of
tests on large sticks have been conducted which gave valuable in-
formation. The tests conducted by the Division of Forestry
under the direction of Professor Johnson are reported in U. S.
Forestry Circulars No. 12 and 15. Professor Lanza's extensive
series of tests includes important and valuable data; the report
of these may be found in Lanza's Applied Mechanics. The more
recent work of the Bureau of Forestry on large-size beams under
the general direction of Professor Hatt has also given valuable
information. This is reported in the circulars of the Forest
Service. An important series of tests on white pine beams by
Onward Bates, reported in the Transactions of the American
Society of Civil Engineers, vol. 23, may also be mentioned.
A valuable bibliography of timber tests and of the properties
of timber may be found in Transactions of the American Society
of Civil Engineers, vol. 54, part F, page 87. Important discus-
sions of the subject of timber and timber tests may also be found
in the same volume and in vol. 51. Bulletin No. 12 of the Divi-
sion of Forestry, U. S. Department of Agriculture, gives valuable
discussions on the strength and working strength for application
to timber trestles. Valuable matter is to be found in the bulletins
of the American Railway Engineering and Maintenance of Way
Association. In Bulletin No. 85* of this association Professor
Hatt gives the results of the recent work on timber tests of the
Forest Service. In Bulletin No. 107* of the same association, the
* See also Proceedings of American Railway Engineering and Maintenance of Way Associa-
tion, vol. 8. pp. 409 and 417, and vol. 10, p. 533.
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Committee on Wooden Bridges and Trestles reports important
data on the properties of timber and on the practice of the rail-
roads of the country.
4. Formulas and Properties.-The analysis on which the us-
ual formulas for beams are based assumes a homogeneous mater-
ial and a constant modulus of elasticity. These assumptions are
fairly well met in such a material as steel within its elastic limit.
Timber is not so uniform and homogeneous. The usual concep-
tion of a homogeneous bundle of fibers parallel with each other
throughout the length of the beam is not entirely correct. The
wood differs in different parts of the section,-heart wood and sap
wood differ in their proportions and their distribution, even
(o) (b)
FIG 1. DISTRIBUTION OF IEARTWOOD AND SAPWOOD OVER SECTION.
in different sticks of the same species (Fig. 1). As the sap wood
and the heart wood are of different degrees of stiffness and as the
relative amount of spring wood and summer wood varies also, it
is apparent that the modulus of elasticity of the material will vary
in different parts of a section and also that it will vary from sec-
tion to section of the beam. The condition of the grain will also
affect the action of the beam; thus the presence of cross grain
will modify the distribution of the internal stresses. Presence of
knots may change the position of the neutral axis as well as re-
duce the amount of effective fibers available for flexural strength.
All such variations produce a distribution and an amount of stress
which differ from the results obtained by ordinary beam analysis.
An important feature in the strength of timber is that its resist-
ance to longitudinal or horizontal shear is relatively low even in
good timber. The presence of shakes and seasoning checks re-
duces the horizontal shearing strength and modifies the distribu-
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tion of the stresses over the section. It seems evident, then, (a)
that the ordinary formulas when applied to timber must be con-
sidered to be largely empirical; and (b) that tests of full-size sticks
are necessary to obtain working values for the timber used.
The derivation of the usual formulas for beams may be found
in the standard text-books on mechanics of materials. The ordi-
nary formula for resisting moment for a beam of rectangular
cross section is
M = 1fbd2 . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . (1)
wheref is the unit-stress or fiber stress at the top or bottom of
the section, b is the width of the beam, and d its depth. In the
principal tests herein described, the load was applied equally at
the one-third points of the span length, and the maximum bend-
ing moment due to the applied load is therefore W W1, where W is
the total load applied and 1 is the span length. The formula
for the deflection at the center of a beam loaded at the one-third
23 Wl3points is 196 E , where E is the modulus of elasticity applicable
to flexure and I is the moment of inertia of the cross-section.
In these formulas the effect of the deformations produced by hor-
izontal shear is not taken into consideration.
In the discussion of shearing stresses, it should be noted, to
begin with, that the intensity of the shearing stress at any point
in a section (i. e., the shearing unit-stress) is the same for the
vertical shear and for the horizontal shear. The formula for the
vertical shearing unit-stress at the neutral axis and also for its
equal, the horizontal or longitudinal shearing unit-stress at the
same point, is
30  2.2
3V V .......... . ...................... (2)
2 bd
where V is the total external vertical shear on the given section.
In the case of the manner of loading above referred to, if we
neglect the weight of the beam, the external vertical shear Vis
constant from the support to the load point and equal to one-half
of the load; and it is zero between the load points.
Above and below the neutral axis the vertical shearing unit-
stress, and therefore the horizontal shearing unit-stress, is given
by the formula
v = [1- (•'] = v [1 (- )2...... . ........ (3)
2 bd id c d
where z is the distance above or below the neutral axis. The var-
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iation of the intensity of the shearing stress throughout a verti-
cal section (applicable to both vertical and horizontal shearing
stress) is illustrated in Fig. 2(a). It is seen that the decrease in
stress is not very great over the middle third of the depth of the
beam.
(a} fb, cc},
FIG. 2. DISTRIBUTION OF SHEARING STRESS AND MOVEMENT OF FIBER
DUE TO HORIZONTAL SHEAR.
For convenience and conciseness of expression, the term fiber
stress will be used in this bulletin to mean the calculated com-
pressive or tensile unit-stress at the top or bottom of the beam
for a section having the maximum bending moment, denoted by f
in equation (1). The term elastic limit will be used to mean the
calculated fiber stress at the elastic limit. The term horizontal
shearing stress will be used to mean the shearing unit-stress
at the neutral axis, v0, for a section having the maximum exter-
nal vertical shear. Further, the formulas will be used beyond
the elastic limit of the beams, where they give apparent or
empirical values of the stresses.
An effect of horizontal shearing stress is to cause a distortion
of the section from a straight-line section, as though the fibers
had moved longitudinally. In a material like timber in which the
modulus of elasticity against longitudinal shear is relatively small,
this movement may be expected to be greater than in a homoge-
neous material or in one having a higher modulus of elasticity.
Although the resistance to shear prevents the sliding which oc-
curs when several boards are piled one above another and flexure
applied, yet a vertical line drawn across a beam will be found to
vary from a straight line after a load is applied. If, now, the
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beam fails by horizontal shear the upper portion of the beam at
the end will project beyond the lower as shown in the beams in
Plate 7 (frontispiece), and the failure will extend some distance
along the length of the beam.
It may be shown that the amount of the horizontal move-
ment x of a point on the beam with reference to a straight line,
(see Fig. 2 (b), the line of reference AB considered to remain nor-
mal to the elastic curve at the neutral axis), is given by the equa-
tion
3 V 1 3 )2 Vz 1  1 1 .... (4)
2 bdE 3 (ad) 3 dcl
where E is the modulus of elasticity for horizontal shear and z is
the distance of the point from the neutral axis. It may be noted
that this E is much smaller in timber than the E used in the for-
mula for determining the deflection of beams. The form which a
section takes with reference to the normal to the elastic curve is
shown by the curve in Fig. 2 (b). The total longitudinal move-
ment of a point at the top with reference to a point at the bottom
is, by the foregoing formula, v . The slope which the curve
'3 E
at any point makes with the normal already referred to (Fig.
2 (c) ), is given by the equation
tan ............. ........ .... (5)E
where 0 is the slope of the curve with the reference line, and v
is the unit-shear at the same point. For a point at the neutral
axis the slope of the curve is tan 0 = v -. At the top and bot-
tom the direction of the curve is parallel with the reference line.
The slope of the secant line through the top and bottom of the
curve is approximately' two-thirds of the slope of the curve at the
neutral axis, since for small angles the tangent and angle are
equal. The value of E for horizontal shear applicable in these
formulas has not been established so far as known. It is evident
that the total amount of horizontal movement in the stringer of
ordinary size is very small.
It may be anticipated that the properties of timber lack uni-
formity and that for any given grade or kind of timber they will
vary considerably with the individual stick. Tests may be
10 ILLINOIS ENGINEERING EXPERIMENT STATION
expected to be of service in getting a range of results, in finding
methods of failure most likely to occur, and in indicating what to
look out for in service.
II. TEST PIECES AND METHOD OF TESTING.
5. The Timber Stringer Series.-The tests of full-size timber
stringers for convenience of discussion are classified in six series:
A, B, C, D, E, and F. These series are not expressive of divisions
of the investigation, but were adopted during the development
of the work. Table 1 gives data of the materials, size of sticks,
condition of the timber, etc. The sticks were generally 14 ft.
long, though the fir stringers came in lengths of 32 ft. Obsta-
cles in the way of shipment and of making tests immediately up-
on receipt of the timber rendered it impracticable to carry out the
original plan in every way and not all the conditions and deter-
minations first planned were included in the final tests. The first
tests (Series C, tested 1905-6) were made to give a comparison of
the properties of creosoted and untreated timber of shortleaf pine
and loblolly pine under the conditions of treatment then in use by
the Illinois Central Railroad. The details of the treatment and the
TABLE 1.
CLASSIFICATION OF TIMBER STRINGERS.
Series Wood
C Shortleaf pine
C Shortleaf pine
C Shortleaf pine
C Loblolly pine
C Loblolly pine
C Loblolly pine
A Longleaf pine
A Longleaf pine
A Longleaf pine
B Longleaf pine
B Longleaf pine
D Ioblolly pine
D Loblolly pine
D Loblolly pine
D Loblolly pine
E Old Douglas fir
F New Douglas fir
No. of
Pieces Condition 
Nominal Size SeasoningCondition in. x in. x ft. months
I _ - _. ._ - .-
Untreated 7 x 16x 4 I
Creosoted 7x16x14 10*
Creosoted 7 x 16 x 14 10*
Untreated 7x16 x 14 12
Creosoted 7x 16x 14 10*
Creosoted 7 x 16x14 10*
Untreated 7x16x14 18
Untreated 7x14 x 14 18
Untreated 7 x12x 14 12
Untreated 7 x 16 x 14 4
Untreated 7 x 14 x 14 4
Untreated 7x16x 14 6
Creosoted 7 x 16 x 14 2*
Untreated 7 x 14 x 14 6
Creosoted 7 x 14 x 14 2*
Untreated 7 x 16x15 11 years
Untreated 8 x 16 x 15 Partly
I seasoned
*Time of seasoning at treatment. Creosoted beams of Series C were tested about two
months after treatment; those of Series D seven months after treatment.
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amount of oil used are given in Table 2. The amount of the hori-
zontal shearing strength developed in the many beams failing by
horizontal shear in this series was so small that it was thought
best to make tests on beams of several depths to find whether a
TABLE 2.
DATA OF TREATMENT OF TIMBER.
Steam Vacuum Creosote
Designation
Time Ib. per Time In h. Time Ib. per Temp. Ib. per
hr. min. sq. in. hr. min. s hr min. s. in. F. cu. ft.
C 5-C 8 4 30 35 2 00 24.5 0 25 88
C 9--012 430 35 200 24.5 2 00 100
C17-C 20 430 35 200 24.5 0 25 88
C 21-C 24 430 35 200 24.5 2 00 100
D15-D 26 500 30 200 24 130 125
M3x3in. 500 30 200 24 1 30 125
M shear 5 00 3( 2 00 24 1 30 125
N3 x 3 in. 500 30 200 24 1 30 125
N shear 5 00 30 2 00 24 1 30 125
170°
1700
6.2
7.9
17.5
14.9
16.0
20.3
10.6
17.2
19.3
smaller depth of beam would permit the full value of the modulus
of rupture of the wood to be developed. At the same time the effect
of pronounced seasoning checks and of large knots was taken up
and also a further comparison of treated and untreated loblolly
pine. These stringers, furnished by the Illinois Central Railroad,
and tested in July and August, 1906, December, 1906, and January,
1907, are included in Series A, B, and D. Two conditions of sea-
soning were included in the longleaf pine stringers,-one a period
of about 18 months in Series A and the other one of about 4 months
in Series B. Series E and F comprised Douglas fir stringers fur-
nished by the Chicago, Rock Island and Pacific Railway. The
stringers in Series E had seen service for 11 years in a trestle in
Nebraska and this series may be expected to represent the degree
of seasoning and seasoning checks attained by such wood in ser-
vice. This timber was as well seasoned as may be expected
under ordinary atmospheric conditions. Series F was unused
Douglas fir stringers partly seasoned and may be expected to
represent the condition of such timber when first put into service.
Although no relation between the quality of the wood in the two
sets of stringers is known, the results will furnish some compari-
son between the properties of such stringers under two sets of
conditions. These fir stringers came in lengths of 32 ft. and
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were cut in two before testing. In the designation, an odd num-
ber and the succeeding even number represent two pieces from
one stick. In Series A, B, and D, a few sticks had been selected
having knots of such size and in such a position that these defects
would, in any thorough-going inspection, have been cause for
rejection. These were included with a view of finding the effect of
such marked defects. The shallower stringers in Series A, B,
and D were cut down from 16-in. sticks.
In Table 1 the time of seasoning of the untreated stringers at
test is given. The stringers were in general left in the yard
until shipment and upon reaching the laboratory were piled and
stored in such a way that they continued to season slowly. For
the creosoted sticks the time of seasoning at treatment is given in
Table 1. It is not expected that the time which elapsed after
treatment affected in any marked way the properties of the wood.
As already stated, the old Douglas fir stringers were well seasoned.
As noted further on, the results of the moisture determinations
are given in Table 4 and the method of determination is described
under "8. Moisture Determination."
a b a and b
Shear Test
SPieces
Y Z
c d|^ '- candd
FIG. 3. LOCATION OF MINOR TEST PIECES IN FULL-SIZE STRINGERS.
6. Minor Test Pieces.-After the cross-bending test of the full-
size sticks had been made, minor test pieces were cut from the
stringers in Series A, B, D, E, and F for further test. These
minor test pieces included shear test pieces and small test beams.
The classification of the minor test pieces is given in Table 3.
The position of these test pieces in the stringer and their desig-
nation are shown in Fig. 3. The shear test pieces (y and z,Fig. 3.)
were taken from near the middle of the depth of the stringer. If
the stringer had failed in horizontal shear at one end, the shear
test piece was cut from the other end. The shear test piece was
the full thickness of the stringer and about 8 to 10 in. wide and
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12 in. long. It was cut so as not to contain knots, but it did
include seasoning checks which existed in the middle half of
the depth of the stringer and as such is more nearly representative
of the shearing strength of the full-size stick than are the small
test pieces which have generally been used hitherto in the deter-
TABLE 3.
CLASSIFICATION OF MINOR TEST PIECES.
These test pieces were cut from the tested stringers.
The small test beams were 3 x 3 x 40 in. The shear blocks were 7 x 10 x 12 in.
Series Wood PTes No. of Condition SeaoningPiece Pieces months
A Longleaf pine
A Longleaf pine
B Longleaf pine
B Longleaf pine
D Loblolly pine
D Loblolly pine
D Loblolly pine
D Loblolly pine
E Old Douglas fir
E Old Douglas fir
F New Douglas fir
F New Douglas fir
Beam
Shear block
Beam
Shear block
Beam
Shear block
Beam
Shear block
Beam
Shear block
Beam
Shear block
83
51
28
50
26
47
22
47
26
46
20
Untreated
Untreated
Untreated
Untreated
Untreated
Untreosoted
Creosoted
Untreosoted
Untreated
Untreated
UntreatedUntreated
18
18
4
4
6
6
2
2
11 years
11 years
Partly
seasoned
mination of shearing strength. One hundred and fifty-five of
these shear test pieces from Series A, B, D, E, and F were tested.
The minor test beams, (a, b, c, and d, Fig. 3), of which there were
three hundred and eleven, were cut from the four corners of one
end of the stick. These pieces were usually 3 x 3 x 40 in. and
were tested with a span of 36 in. They were sawed out and
tested to give a comparison of the strength in cross bending of
the wood at the top and bottom of the stringer with the strength
developed in the full-size stick.
7. Miscellaneous Test Pieces. Series Mand N.-Several stringers
were cut up at the mill as shown in Fig. 4. In series M, all pieces
were creosoted. In Series N (cut from 16-ft. stringers), the alter-
nate pieces were treated by the creosoting process (the even num-
bers are creosoted and the odd numbers untreated). The state-
ment of treatment is given in Table 2. The 4 x 4 x 42 in. pieces
were cut to 3 x 3 x 40 in., and were tested as beams in the same
way (usually 36-in. span) as were the small beams of the series of
0 I „ „
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minor test pieces. The shear test pieces were approximately 7 x
8 x 12 in. The creosoted pieces had been cut about three months at
time of treatment and the untreated pieces about twelve months
at time of test. One hundred and four shear blocks and 122
small test beams were tested in series M and N.
/4 '-oC"
FIG. 4. LOCATION OF MISCELLANEOUS TEST PIECES.
8. Moisture Determination.-From each stringer after test a
disc about 1 in. thick and the full cross-section of the stringer
was cut about 4 ft. from one end. These discs were weighed im-
mediately and then thoroughly dried in an oven at a temperature
of about 1800 F. for 24 hours, or more, until the loss of weight
for the last 6 hours was less than 1 o. The results are given in
Table 4. The moisture is unevenly distributed in a stick, varying
throughout the length and section, but the results may be taken
as indicative in a general way of the moisture condition of the
sticks. Determinations were not made for Series C, M, and N.
9. Cross-bending Tests of Stringers.-The stringers were tested
in cross bending on a 200 000-lb. Olsen beam-testing machine in
the Laboratory of Applied Mechanics of the University of Illinois.
The span was 13 ft. 6 in. except in Series E and F where it was
14 ft. 6 in. The beams rested on rocker supports which gave free
longitudinal movement. Iron bearing plates 8 in. wide, 1 in.
thick, and of a length greater than the width of the stringer were
used to prevent the crushing of the wood at the supports. The
load was applied equally at two points on the top of the beam,
each one third the span length from the supports. Bearing plates
like those before mentioned were used at the points of application
of the load. The load was applied progressively to failure, a stop
being made at the various loads to give the observers time to
read the instruments. The head of the testing machine was run
down at a speed of 0.17 in. per minute. This movement corre-
sponds to an application of longitudinal or fiber deformation in
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the extreme fiber at mid-span equal to 0.00056 in. per inch of
length per minute for a 7 x 16-in. beam and 13W ft. span.
TABLE 4.
MOISTURE CONTENT OF TEST PIECES.
Series A Series B Series D Series D Series E Series F
Des erentJ Des Inercentl Des Iereentl Des Ipercentl Des I ercentl De
A 1 19,7 B 1 26.6
A 2 18.6 B 2 27.2
A 3 18.5 B 3 27.0
A 4 18.8 B 4 25.4
A 5 18.9 B 5 25.2
A 6 18.9 B 6 25.3
A 7 18.1 B 7 27.8
A 8 i 18.5 B 8
A 9 18.4
A 10 18.3
All 19.5
A12 19.0
A13 18.3
A 14 19.5
A 15 19.4
A 16 20.2
A 17 19.7
A18 20.6
A19 16.9
A 20 20.6
Av. 19.0
B 9
B10
B11
B 12
B 13
B 14
25.5
22.6
29.1
29.1
26.2
30.2
25.0
26.6
D 1
D 2
D 3
D 4
D 5
D 6
D 7
D 8
D 9
D 10
D 11
D 12
D13
D14
21.9
46.8
45.2
30.0
41.0
28.2
45.7
71.1
26.2
31.2
60.0
41.4
25.2
D15
D 16
D 17
D 18
D19
D 20
D21
D22
D 23
D 24
D 25
D 26
39.5
39.3
33.8
31.4
30.9
31.9
36.9
29.0
51.1
22.1
51.6
42.0
33.0
36.1
E l
E 2
E 3
E 4
E 5
E 6
E 7
E 8
E 9
E 10
E 12
14.9
17.4
14.1
14.4
16.8
16.8
15.7
16.3
17.0
17.5
16.8
17.9
F 1
F2
F3
F4
F5
F6
F 7
F8
F 9
F 10
F11
F 12
F 13
F14
F 1S5
F 16
16.3
24.9
23.6
23.8
24.0
23.9
25.9
22.0
23.2
22.1
23.2
22.7
21.8
25.4
22.8
23.5
21.5
23.9
The deflection of beam at mid-span was measured by means
of a silk thread stretched between two nails set in the wood over
each support at one-half the depth of the beam. A mirror and
scale placed at the center of the beam permitted the deflection to
be read to 0.01 in. The longitudinal or fiber deformation in the
extreme fiber was read on the beams of Series C. On two of these
the method used was quite similar to that commonly used for
determining the neutral axis of reinforced concrete beams, except
that the instruments were attached directly to the beam at the
extreme fibers. Fig. 5 shows the arrangement of these. In two
beams four Johnson extensometers were used and on the remain-
der only two, one at the top and the other at the bottom of the
beam. A gauged length of 36 and of 40 inches was used.
Acknowledgment is made to Mr. L. E. Moore for assistance in
developing the deformation tests.
An effort was made to take measurements representative of
the horizontal shearing slip or detrusion at the ends of the string-
ers. It was hoped that this method would give some informa-
.p .. .I , . s, percenI I j/ 1~ j
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tion on the action of the horizontal shear and whether there was
a shear elastic limit or yield point. The apparatus and methods
I
I 
'S .
M/rror I/'Lh Scal/e
--Si/lk fh,-ead
5/DE VIEW END VIEW
FIG. 5. LOCATION OF INSTRUMENTS.
were tentative and experimental and were not expected to give
quantitative results. Two methods were used. In the method
used in Series C, the first tried, (see Fig 6 (a)) two pointers were
fastened by screws to one side of the stringer over a support.
On one pointer the screws were 12 in. apart, placed symmetrically
with the center or neutral axis of the beam. On the other pointer
the two screws were 2 in. apart and symmetrical with the center.
Measurements were taken between two points at the upper ends
of the pointers. The change in this measurement was due to the
horizontal detrusion of the fibers. For the lever arms used, the
horizontal movement from equation (5) may be expected to be
about two-thirds of the observed reading. In the second method
(see Fig. 6(b)) one pointer was fastened at points 12 in. apart as
before and the other was secured by two screws in a horizontal line
passing through the upper screw of the first pointer. The
measurements were taken at the top as before. For the dimension
used the horizontal movement would be one-third of the reading.
Neither apparatus was fully satisfactory, but the experiments show
that a satisfactory instrument may be devised for the purpose and
the results found are instructive in several ways, although they
are not sufficiently complete and consistent to warrant publication.
~eg~dl
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10. Shear Tests.-In shear tests (see Fig. 7) the shear test
block was placed in the testing machine with the grain vertical.
A cast-iron plate was put under one-half of the piece and the
opposite half at the top was covered with a similar plate. There
was a space of perhaps 4 to I in. between the vertical lines passing
through the edges of these two plates. The tendency of the
Dep0o
FIG. 6a AND 6b. APPARATUS FOR MEASURING LONGITUDINAL
SHEAR MOVEMENT.
block to slip sidewise as the load was applied was counteracted
by putting supports between the test piece and the columns of
the testing machine. The speed of the machine in these tests
was 0.17 in. per minute.
11. Tests of Small Test Beams.-The small test beams of the
minor and the miscellaneous series were tested generally with a
span of 36 in. and the load was applied equally at the one-third
points of the span. Care was taken to permit longitudinal move-
ment of the supports as the load was applied. The deflection
was measured by a deflectometer with the contact point placed
under the center of the beam. A speed of 0.3 in. per minute was
used.
DepH.
Depfh
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FIG. 7. SHEAR TEST APPARATUS.
III. EXPERIMENTAL DATA AND DISCUSSION.
12. Stringer Test Data.-In Tables 5 to 12 are given data for
the full-size stringers and their tests as beams in Series A, B, C,
D, E, and F. The tables on the left hand pages include a general
description of the beams, and the companion tables on the
opposite pages give results of the test. The elastic limit was
determined from the deflection diagrams by finding the point at
which the deflection increases markedly more rapidly than the load.
In some cases this involves exercise of judgment. The values so
found are somewhat smaller than those which would be obtained
by finding the point at which the slope of the curve is 50% greater
than the general slope at lower loads. The stress in outer fiber
both at the elastic limit and at failure was calculated by using the
usual formula (equation (1)p. 7), M= fbd2. The horizontal shearing
stress at the neutral axis was calculated by the formula (equation
3 V(2) p. 7) vo = 2 bd, where V is the total vertical shear at the sec-2 bd
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tion considered. In the column headed "Manner of Failure' is
given the general way in which failure occurred.
13. Views and Load-deflection Diagrams.-The views in
Plates 1 to 18 given in the frontispiece are from photographs.
They were selected to show representative failures in shear, ten-
sion, and compression. In a number of cases the end of the beam
before failure and after failure is shown. The difference in appear-
ance in the two ends of the beam is also shown for one beam. The
size and appearance of seasoning checks and their relation to the
line of shear may be noted. Views of shear blocks are given in
Plates 17 and 18. Reference may well be made to the views in
following the discussion of the test.
The load-deflection diagrams for Series A, B, C, D, E, F, and
N are given in Fig. 11 to 25 at the end of the text. The point
selected as the elastic limit is marked on the diagrams.
14. Phenomena of Tests.-As the load was progressively ap-
plied the beams deflected more and more, and generally failure did
not occur until after the elastic limit was passed. In some cases
popping sounds were heard. The manner of failures may be
classed as (1) tension, (2) compression, (3) horizontal shear. In the
tension failure the beam generally failed suddenly by tension in the
lower fiber, the crack extending into the beam some distance.
In a few cases this tension crack was nearly vertical but there were
more instances of cross-grain tension and a few of splintering
tension. Beams failing in tension were much affected by the pres-
ence of knots and cross grain in the lower portion of the beam.
The failures by compression in the upper fiber of the beam were
slow and gradual and the load-deflection curves show characteristic
features. These failures were generally in poor or brash wood.
Seemingly the knots and cross grain had less effect on the com-
pression side than on the tension side. The failures in horizon-
tal shear were very sudden and generally no warning was given,
though in a few cases considerable horizontal slip was shown by
the instruments and in many cases the increased deflection shown
on the deflection curves near the maximum load was probably due
to the horizontal shearing movement. After the shear failure
and before the head of the testing machine had been moved, the
upper portion of the beam at the failed end projected over the
lower portion i in. or more. The stick continued to carry load,
acting as two beams one on top of the other, and when the test
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TABLE 5.
DATA OF BEAMS IN SERIES C.
Description
Shortleaf pine. untre
Shortleaf pine. untre
Shortleaf pine, untre
Shortleaf pine, untre
Shortleaf pine, creos
Shortleaf pine, creos
Shortleaf pine, creos
Shortleaf pine, creos
Shortleaf pine, creos
Shortleaf pine, creos
Shortleaf pine, creos
Shortleaf pine, creos
Loblolly pine, untrea
Loblolly pine, untre
Loblolly pine, untre:
Loblolly pine, untre
Loblolly pine, creos
Loblolly pine, creos
Loblolly pine, creos
Loblolly pine, creos
Loblolly pine, creoso
Loblolly pine, creoso
Loblolly pine, creos
Loblolly pine. creoso
Condition
ated (a)
ated (a)
ated (a)
ated (a)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
ated (a)
ated (a)
ated (a)
ated (a)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
oted (b)
No important knots.
Large seasoning check.
Apparently good stick.
Apparently good stick.
Apparently good stick.
Apparently good stick.
Slightly cross-grained.
Cross-grained.
Knot under south load point.
Apparently good stick.
Four knots under south load.
Knot under north load.
Knot under south load.
Cross-grained.
(a) Seasoned 12 months. (b) Seasoned 10 months.
was carried to destruction the second failure was generally by
tension and at a load considerably under that causing the shear
failure, though in the case of Al, A15 and E 1 the maximum load
was considerably above that causing the shear failure. The
strength of the beams to resist horizontal shear was much affected
by seasoning checks and ring shakes.
The following notes of the tests will assist in understanding
the manner of failure of the beams. In reading, it will be well to
refer to Plates 1 to 16 (frontispiece) and to the load-deflection
diagrams at the end of the text.
Al. Faint cracking at load of 15000 lb. Loud cracking at 22500 lb.
After failure by horizontal shear at 26 000 lb. in a continuation of the test,
the load increased, the stringer acting as two beams, failing by horizontal
shear along a second crack at 38 000 lb. See Fig. 11.
A 2. Beyond 40000 Ib. cracking noises were heard. Sudden failure by
horizontal shear at north end, resulting in the upper part of the beam pro-
jecting over the lower porton I in. See Plates 1 and 9.
A 3. Failed suddenly with loud report, by horizontal shear at north
end, at 67 500 lb. See Plate 9.
A 4. This beam proved to have a bad ring shake through the middle
of the length of the beam, which was the occasion of the tension failure.
See Plate 1.
D Nominal Size
es in. x in. x ft.
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
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TABLE 6.
TESTS OF BEAMS IN SERIES C.
Stresses are given in lb. per. sq. in.
Shortleaf Pine,
43 000
45 000
54 550
72 500
40 000
47 500
42 500
47 970
33 430
55 000
37 000
61 370
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Tension
Tension
Horizontal shear.
Loblolly Pine.
C 13 6.50 x 16.00
C 14 6.87 x 16.00
C 15 700 x 16.25
C 16 7.00 x 16.12
C 17 7.00 x 16.00
C 18 7.25 x 15.75
C 19 7.12 x 16.00
C 20 7.25 x 16.00
C 21 7.62 x 15.75
C 22 7.50 x 16.50
C 23 7.38 x 16 50
C 24 7.25 x 16.12
40 000
42 500
45 000
55 000
30 000
25 000
30 000
25 000
22 500
27 500
25 000
32 500
3900 53 000
3915 48 860
3940 55 860
4900 58 400
2710 38 100
2155 37 300
2670 41 500
2180 34 550
1930 33 500
2180 40 000
2018 38 240
2795 57 200
5160 382
4500 334
4890 368
5195 388
3445 255
3360 245
3695 273
3020 221
2870 209
3175 243
3085 236
4915 368
Horizontal shear.
Tension
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Tension
Tension
Tension
Horizontal shear.
A 5. Upper portion projected I in. after failure by shear.
A 6. Selected to show effect of large knots. At 31200 lb. loud cracking
noise at middle. Failed at 31 700 lb. at large knot near middle. See Plate 1.
A7. Failed by horizontal shear at north end. Large checks at south
end seemed not to affect failure. See Plate 10.
A8. Sudden failure by shear at 74000 lb., the shear extending from
the south end to the load point and the upper portion projecting Sin.
See Plate 10.
A 9. First failure at 39 750 lb., pure tension. Final failure at46 850 lb.,
tension again. See Plate 2 and Fig. 11.
A 10. Knotty and cross-grained in middle third of length. Failed by
tension near north load point, then splitting along neutral axis both ways
from tension fracture. See Plate 2 and Fig. 11.
A 13. Slight splintering at bottom at 58 600 lb. Further breaking in
tension at 60 000 lb. Final failure by horizontal shear at 63 300 lb.
7.00 x 15.75
7.00 x 16.12
7 00 x 16.38
6.75 x 16.00
7.00 x 16.00
7.00 x 16.00
7.25 x 16.12
7.00 x 16.00
7.00 x 16.00
7.12 x 16.25
7.00 x 15 87
7.00 x 16 00
Not Reached
42 500 3780
50 000 4310
52 500 4940
35 000 3165
40 000 3620
27 500 2360
45 000 4065
30 000 2715
42 500 3660
27 500 2530
55 000 4970
I
I
ShorleafPine
I
I
Lbol Ine
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TABLE 7.
DATA OF BEAMS IN SERIES A AND B.
Description
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (a)
Longleaf pine (b)
Longleaf pine (b)
Longleaf pine (b)
Longleaf pine (b)
Longleaf pine (b)
Longleaf pine (b)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Longleaf pine (c)
Nominal Size
in. x in. x ft.
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x14 x 14
7 x 14 x 14
7 x 12 x 14
7 x 12 x 14
7 x 12 x 14
7 x 12 x 14
7 x 12 x 14
7 x 12 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7x 16 x 14
7 x 16 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 X 14 X 14
pine (c)
pine (c)
pine (c)
pine (c)
pine (c)
Condition
Large seasoning checks.
Large checks. Clear stick.
Good stick.
Proved to have bad shake.
Even grain. Good condition.
Large knots and cross grain.
Clear and straight-grained,
Stick clear.
Bad checks and shakes.
Cross-grained and knotty.
Clear and free from knots.
Clear, straight-grained.
Fairly clear and straight-grained.
Knotty and cross-grained.
Large checks. Sapwood on bottom.
Clear stick.
Solid knots on top side.
Small knots along neutral axis.
Knot near middle.
Checks near neutral axis.
Fairly clear stick.
Clear and straight.
Clear stick.
Grain straight. Clear.
Grain straight. Clear.
No knots. Cross-grained.
Straight. No bad checks.
Straight. No bad checks.
Clear, straight grain. Large
seasoning check.
Grain straight. No knots.
Straight, clear, free of checks.
Straight, clear, free of checks.
Straight, clear, free of checks.
Cross-grained and knotty,
(a) Seasoned 18 months. (b) Seasoned 12 months. (c) Seasoned 4 months.
A 14. At 26500 lb., failed at knot 2 ft. south of middle. See Plate 2.
A 15. At 22 500 lb. beam sheared at north end, along a wide open sea-
soning check, upper portion projecting , in. Load fell to 20 000 lb. Under
further test, projection reached ½ in., and the beam finally failed at 30 000 lb.
by tension under the north load. During this time the beam slipped
quietly along seasoning check 2J in. below top on one face and 5 in. below
top on the other. This shear gradually approached the middle of the span.
After this slip commenced the stringer acted somewhat as two beams.
See Fig. 12.
A 16. At 37 500 lb. slight splintering at bottom, and load fell to 34 000 Ib.,
rising then to 39400 lb. with further tension failure. The load fell to
36 000 lb. and with increased deflection rose to 40 900 lb., the final failure
being in horizontal shear at the north end. See Plate 3 and Fig. 12.
A 17. This beam had a number of solid knots I in. to 11in. across, all at
or near the upper surface. The tension side was clear. At 52900 lb. the
beam gave way by tension, the load then dropping slightly, and in about 5
seconds shear failure followed at south end, the upper portion sliding past
the lower A in. See Plate 11.
A 18. Bad ring checks at south end. Stick strengthened by small knots
along neutral axis. See Plates 3 and 12.
Longleaf
Longleaf
Longleaf
Longleaf
Longleaf
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Des.
A 1
A 2
A 3
A 4
A 5
A 6
A 7
A 8
A 9
A 10
A 11
A 12
A 13
A 14
A 15
A 16
A 17
A 18
A 19
A 20
B 1
B 2
B 3
B 4
8 5
B 6
B 7
B 8
B 9
B 10
B 11
B 12
B 13
B 14
A 19. Cracking sound at 22000 lb., seemingly something giving way.
Increased deflection above this load is shown on deflection diagram. Tension
failure. Brash wood. See Plate 3.
A20. Sheared suddenly at north end, plainly due to large seasoning
checks. See Plate 12.
B 1. Considerable sapwood at top and bottom. Failed by horizontal
shear along neutral axis. Shear in tortuous line. See Plate 13.
B3. A load of 65000 lb. was applied, giving a deflection of 1.36 in.
After release of load a set of 0.06 in. was observed. At the second applica-
tion of 65000 lb. the deflection was 1.37 in. Failed by shear at north end
at 68 000 lb.
B9. Large, deep seasoning checks nearly continuous. Free from knots,
failed in horizontal shear along seasoning check.
B 10. No seasoning checks except at extreme end. Failed by horizontal
shear at high load.
---
TABLE 8.
TESTS OF BEAMS IN SERIES A AND B.
Stresses are given in lb. per sq. in.
Elastic Limit Load at Failure
Cross Section Manner of
in. x in. Hor. Failurein. x in. Load Fiber Total Fiber Shearing
pounds Stress pounds s Stress Str
6.75 x 15.37 19 500 1960 26 000 2640 188 Horizontal shear.
6.5 x 16.2 37 500 3060 47 500 4535 340 Horizontal shear.
7.0 x 16.25 62 500 5480 67 500 5910 445 Horizontal shear,
7.0 x 16.0 35 000 3150 40 000 3600 267 Tension.
7.0 x 16.0 53 500 4820 62 500 5640 418 Horizontal shear.
7.0 x 16.0 28 500 2570 31 700 2860 212 Tension.
7.0 x 16.0 43 000 3890 47 500 4300 318 Horizontal shear.
7.0 x 16.0 62 000 5630 74 000 6710 497 Horizontal shear.
7.0 x 14.0 34 500 4060 46 850 5520 359 Tension.
7.0 x 14.0 25 000 2940 25 000 2945 191 Tension.
7.0 x 14.0 48 500 5720 57 500 6820 441 Horizontal shear.
7.0 x 14.0 48 500 5700 59 050 6950 453 Horizontal shear.
7.0 x 14.12 47 500 5440 63 300 7260 472 Horizontal shear.
7.0 x 14.0 25 500 3010 37 300 4400 285 Tension.
6.87 x 12.0 22 500 3610 22 500 3690 205 Horizontal shear.
6.6 x 11.75 30 000 5830 39 400 7010 382 Tension.
7.0 x 12.1 36 500 5809 52 900 8410 471 Tension.*
6.5 x 11.94 30 000 5200 37 000 6410 356 Horizontal shear.
7 0 x 12.0 22 000 3540 31 650 5080 282 Tension.
6.87 x 12.0 32 500 5310 33 400 5460 304 Horizontal shear.
6.8 x 16.0 45 000 4180 52 500 4890 362 Horizontal shear.
7.0 x 16.0 56 000 5020 65 100 5880 436 Horizontal shear.
6.92 x 15.95 55 000 5080 68 000 6260 462 Horizontal shear.
7.20x 16.32 61 600 5160 64 300 5430 410 Horizontal shear.
7.21 x 16.62 56 000 4560 75 600 6160 474 Horizontal shear.
6 87 x 16.06 56 000 5110 66 700 6080 454 Horizontal shear.
7.0 x 16.0 46 000 4150 58 350 5270 390 Horizontal shear.
6.9 x 15.95 40 000 3720 58 900 5430 401 Horizontal shear.
7.1 x 14.1 30 000 3440 31 600 3620 237 Horizontal shear.
7.12 x 14.06 41 000 4720 56 750 6540 425 Horizontal shear.
7.25 x 14.05 35 000 3960 36 900 4180 272 Horizontal shear.
7.05 x 14.0 41 500 4860 50 900 5970 387 Horizontal shear
6.87 x 14.0 33 000 3970 46 300 5570 362 Horizontal shear.
6.95 x 14.0 33 000 3560 44 600 5300 344 Tension.
* Followed quickly by horizontal shear.
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TABLE 9.
DATA OF BEAMS IN SERIES D.
Des, Nominal Sizi
in. x in. x ft. Description Condition
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreared (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine, untreated (a)
Loblolly pine. creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine, creosoted (b)
Loblolly pine. creosoted (b)
Loblolly pine, creosoted (b)
Large knot outside load point.
Knot near middle.
Several knots.
Straight-grained and clear.
Very knotty; no checks.
Very knotty; no checks.
Few knots.
Slight cross-grain and checks.
Straight-grained, 1 large check.
Straight-grained, 1 large check.
Knots on neutral axis.
Straight-grained, fairly clear.
Straight-grained.
Cross-grained. A few knots and checks.
Large knots along neutral axis.
Large knots. Cross grain.
Cross grain.
Brash wood.
Good condition.
Knots along neutral axis.
Rather knotty at one end.
Straight-grained and clear.
Straight-grained and clear.
A few knots.
Several large knots.
Fairly clear and straight-grained.
(a) Seasoned 6 months. (b) Seasoned 2 months.
B 11. Seasoning checks, but not very marked or deep. Failed by hori-
zontal shear along seasoning check.
B 13. 2 in. sapwood at top. Few seasoning checks. Free from knots.
Bearing plate at north load induced crushing in upper fiber near it at a
load 1000 lb. below maximum, and slight splintering tension failure occur-
red at bottom below this point, but main failure was by horizontal shear at
the south end at the maximum load. The compression failure finally ex-
tended from the top fiber nearly to the neutral axis.
B 14. Failed by tension below a large knot which was on the compres-
sion side.
C2. Failure by horizontal shear along seasoning crack 2 in. above
neutral axis.
C 3. Failure by horizontal shear along neutral axis.
C 4. After failure by horizontal shear along neutral axis, upper portion
projected I in. Highest shearing strength in this series.
C 5. Failed by horizontal shear under deflection of 11 in. Load fell off.
Upon increasing the deflection, it rose to 33890 lb. and failed in tension
under a deflection of 2 in.
C7. Bearing plate under one load crushed unevenly into wood at
40000 lb. Load released, plate adjusted, and load applied to failure.
C8. Load of 35000 lb. was released, bearing plate at support adjusted
and load applied to failure (48 000 lb.). After failure by horizontal shear,
load was further applied and failure in tension occurred at 39 600 lb. under
a deflection 2J in. more than at shear failure.
C9. Failed by shearing at south end at 33 430 lb. under deflection of
1.09 in. Load dropped to 32 000 lb., then rose to 35 000 lb. under a deflection
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 14 x 14
7 x 14 x 14
7 x 14 x 14
7 x 16 x 14
7 x 14 x 14
7 x 16 x 14
7 x 16 x 14
7 x 16 x 14
7 x 14 x 14
7 x 14 x 14
I
e
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TABLE 10.
TESTS OF BEAMS IN SERIES D.
Stresses are given in lb. per sq. in.
Des. Cross Sectionin. x in.
D 1 6.87 x 16.0
D 2 7.25 x 16.25
D 3 7.13 x 16.8
D 4 7.1 x 14.0
D 5 7.2 x 14.0
D 6 6.81 x 14.06
D 7 7.05 x 13.72
D 8 6.95 x 14.10
D 9 6.55 x 14.05
D 10 6.9 x 16.20
Elastic Limit I Load at Failure
Load Fiber Total
pounds Stress pounds
41 500
33 000
27 000
32 000
17 000
18 000
30 000
22 000
27 000
33 000
D 11 7.25 
x 16.0 
32 500
D12 7.1 x 16.15
D 13 7.25 x 16.45
D14 6.45 x 16.07
D15 7.1 x 16.25
D 16 7.37 x 16.37
D 17 7.0 x 14.0
D 18 6.87 x 14.0
D 19 7.0 x 14.0
D20 7.0 x 15.5
D21 7.75 x 14.0
D22 7.1 x 16.5
D23 7.0 x 16.0
D24 7.5 x 16.25
D25 7.5 x 14.25
D26 7.0 x 13.75
33 500
37 500
34 000
42 500
18 500
30 000
30 000
34 000
45 000
40 000
42 500
50 030
51 000
23 500
27 500
3820
2790
2180
3730
1950
2160
3660
2620
3370
2950
2830
2340
3100
3320
3680
1460
3530
3600
4020
4330
4280
3570
4510
4180
2500
3380
56 000
48 700
41 800
49 100
22 000
29 300
42 000
29 350
31 000
42 000
50 500
46 800
52 200
38 700
54 700
32 500
42 700
41 700
51 500
46 400
56 400
65 500
56 500
55 475
31 100
37 000
Manner of
Fibr Hor. FailureF.Siber ehan rin
Stress
381
310
262
371
164
229
325
226
253
282
326
305
328
281
356
202
327
325
394
320
391
420
378
341
218
289
Horizontal shear.
Tension.
Tension
Horizontal shear.
Tension.
Tension.
Tension.
Tension.
Horizontal shear.
Horizontal shear.
Tension.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Tension.
Tension.
Tension.
Tension.
Tension.
Horizontal shear.
Crush. and hor. shear.
Crushing and tension.
Crush, and hor. shear.
Crushing.
Tension.
Tension.
Stress
5150
4120
3360
5740
2530
3520
5130
3490
3880
3760
4410
4100
4310
3770
4740
2660
5030
5000
6080
4460
6020
5500
5100
4550
3300
4540
of 3.08 in., when the shearing fracture extended the entire length of the
beam. Very low shearing strength.
C10. Failed by tension at center due to cross grain. Contributory
crushing under north support. Loading released. On second application,
load reached 50200 lb. under 3 in. additional deflection, when further
failure in tension occurred.
C 11. Failure by tension due to knot under south load point.
C 13. Failed at one end by horizontal shear along neutral axis.
C14. Failure by tension under south load point. Four knots near
break.
C15. Marked change in deflection curve evidently due to horizontal
shearing action.
C16. Slight splintering at bottom when horizontal shear failure
occurred.
C17. After horizontal shear failure at south end at 38100 lb. load
dropped, and on further deflection rose to 26200 lb., the beam then failing
by tension under south load point.
018. Crushing (bearing) under bearing plates at load points and over
supports at the load which gave horizontal shear failure.
019. Crushing (bearing) over bearing plate at north support showed at
27500 lb. At 40000 lb. crushing was so great that load was released and
support adjusted. Failure by horizontal shear at 41500 lb.
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TABLE 11.
DATA OF BEAMS IN SERIES E AND F.
Description
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
Old Douglas fir (a)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas flr (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
New Douglas fir (b)
Condition
Straight-grained.
Straight-grained.
Straight-grained.
Straight-grained.
Small unimportant knots.
Straight-grained. Few knots.
Knotty and cross-grained.
Knotty and rather crooked grain.
Crooked grain, one large knot.
Fairly straight-grained.
Numerous knots. Crooked grain.
Fairly clear stick.
Several large solid knots.
Large seasoning checks.
Large seasoning checks.
Prominent seasoning checks.
Deep seasoning checks.
Very knotty. Cross-grained.
Very knotty. Cross-grained.
Straight-grained. Large checkp.
Cross-grained. Prominent check.
Slightly cross grained. A few small knots,
Fairly straight-grained. Small knots.
Fairly straight-grained. Small knots.
Straight-grained.
Knotty and cross-grained.
Numerous small knots.
(a) Seasoned 11 years. (b) Partly seasoned.
C20. At 26600 lb. tension break in lower fiber near knot occurred.
Effect of this is shown in deflection curve. Failure by horizontal shear at
34 550 lb. See Fig. 15.
C21. Failure by tension at knot under north load. Contributory
crushing under bearing plate at same load.
C 22. Failure by tension under south load near knot.
C23. Failure by tension. Cross-grained.
C 24. Failure by horizontal shear, with splintering at bottom.
D 1. Large amount of sapwood, 3 in. at bottom. Three rings to 1 inch.
Marked seasoning checks at ends and sides. Large deflection. Failure by
horizontal shear. Shearing fracture influenced by crooked grain around
knot. See Plate 4.
D2. Four inches of sapwood at top, 3 in. at bottom. Free from sea-
soning checks except at ends. Large knot near middle at bottom. Loud
cracking noise at 47 000 lb. Failed by tension at knot near middle, fol-
lowed at once by horizontal shear. See Plates 4 and 14.
D 3. Large amount of sapwood, 4 in. at top and at bottom. Coarse
wood. Large knot near top on east side near middle of length. Beam
tilted on loading. Load released, beam straightened up and load applied.
Failed in tension by splintering along the bottom. See Plate 14.
D4. Large amount of sapwood, 4 in. at top and 3 in. at bottom.
Straight-grained. Fairly free from seasoning cracks and knots. Failed by
shear with tension break at same time under south load. See Plate 14.
D5. Heart at west face. Wood coarse and brash. East face sapwood,
quite soft. Large knot (5 in.) under upper bearing plate and large knot
I Nominal Size
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7 x 16 x 15
7x 16 x 15
7 x 16 x 15
7 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 11 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
8 x 16 x 15
U"es. in. x ft.
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TABLE 12.
TESTS OF BEAMS IN SERIES E AND F.
Stresses are given in lb. per sq. in.
Elastic Limit Load at Failure
Load Fiber Total Fiber Hor.
pounds Stress pounds Stress tress
ection
in.
15.45
15.55
15.31
15.75
15.63
15.5
15.88
15.88
15.5
15.88
15.75
30 000
51 400
47 700
37 500
32 500
33 600
37 500
42 000
53 500
32 500
47 800
45 000
49 100
46 600
48 850
47 000
58 000
57 000
38 200
35 000
67 500
42 500
51 250
62 500
52 500
57 500
65 000
61 350
I I
221
369
378
256
231
241
268
282
383
223
337
301
291
275
289
282
345
340
239
219
401
332
304
366
302
322
376
355
Manner of
Failure
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear,
Horizontal shear.
Tension
Horizontal shear.
Tension.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Horizontal :shear.
Tension.
Tension.
Horizontal shear.
Tension.
Horizontal shear.
Horizontal shear.
Horizontal shear.
Tension.
Horizontal shear.
Tension.
(4 in.) near bottom and under north load. Not merchantable stick. Fail-
ure by tension under north load.
D 6. Three inches of sapwood at top and bottom. Large knots near
neutral axis. Failed by tension near large knot. Coarse dark-colored sap-
wood at point of failure. Little bond between rings. Ring shake developed
in middle third.
D 7. Little sapwood. Straight-grained. The prominent seasoning
cracks were staggered towards the ends and seemed not to affect the
strength. Failed in tension at standard knot in middle of bottom face.
D 8. Very coarse wood, free from seasoning checks, knots under each
load point. Failed by tension, the fracture running from the bottom under
one load point to the top under the other.
D9. Good grain for loblolly. Very marked seasoning checks on both
faces through north third of length. Failed by horizontal shear at north
end along these prominent seasoning checks.
D10. Straight grained. Coarse wood. Little sapwood. Large knot
at neutral axis at south end. Failed by horizontal shear at north end along
deep seasoning check.
D 11. Many knots along neutral axis. Large amount of sapwood, 4 in.
at bottom and 2 in. at top. Marked seasoning checks on west face, but
staggered. Numerous knots along neutral axis. Failed by tension; prob-
ably due to sapwood. See Plate 4.
Des. Cross S(in. x
27 500
50 000
45 000
32 500
30 000
32 500
28 500
42 000
47 500
22 500
45 000
35 000
43 000
40 000
45 500
39 500
57 000
56 000
33 500
27 500
52 500
37 500
46 500
50 000
48 500
50 000
52 500
54 000
6.6 x
6.7 x
6.81 x
7.0 x
6.75 x
6.75 x
6.63 x
7.0 x
6.75 x
6.75 x
6.75 x
E 1
E 2
E 3
E 4
E 5
E 6
E 7
E 8
E 9
E 10
Ell
E 12
F 1
F 2
F 3
F 4
F 5
F 6
F 7
F 8
F 9
F10
F11
F12
F 13
F 1Vlr
F 16
7.0 x 16.0
8.0 x 15.85
8.0 x 15.95
8.0 x 15.87
7.9 x 15.80
8.0 x 15.77
7.9 x 15.90
7.7 x 15.55
7.7 x 15.60
8.0 x 15.75
8.0 x 16.0
8.0 x 15.63
8.0 x 16.0
8.0 x 16.13
8.0 x 15.88
8.0 x 16.13
8.13 x 15.88
~I ~~ _
I
^" '^^
I
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D12. Free from seasoning checks. Knots not at important places.
Failed in tension under south load. Fair break. Timber seemed soft and
brash.
D13. Free from seasoning checks. Brashy sapwood on under side.
Several small spike knots. Failure by tension in sapwood.
D 14. Failed at south end by shear along seasoning checks, which were
near neutral axis on west side but on east side ran toward bottom at south
end.
D15. Failed by tension at center. Load fell off to 42000 lb., when
crushing began above the tension failure.
D 16. Five knots on east side 1l to 3 in. On west side one knot 2 x 9
in. and one 1J x 8 in., both extending to bottom of beam. Not merchant-
able stick. Abnormally large deflection. Failure by tension near large
knot.
D 17. Three large knots. Failed by tension at knot under south load.
D 18. The wood seemed brittle and of inferior quality. Splintering at
bottom at load of 37 500 lb. Failure was sudden and complete, the stick
being badly shattered and not capable of carrying any load. See Plate 5.
D 19. At 46 500 lb. slight splintering at bottom. At 51 500 lb. popping
noise at middle. Load gradually dropped to 49100 lb. Then beam gave
way, there being three distinct loud pops about J second apart as the beam
failed by tension at the middle.
D20. Slight splintering on under side near maximum load. Final
failure by shear near north end. When failure occurred, the north support
was thrown out to the north against a pile of beams, the beam itself shot
out south 5 ft. Creosote had been squeezed out of the wood over the bear-
ing plates, and slipping thus more easily occurred.
D21. Several large knots in north half, which apparently did not
affect the strength at the load reached. Crushing began under north load at
56000 lb., the load went up to 56400 lb., then dropped to 56200 lb., when
failure by crushing and horizontal shear occurred simultaneously. See
Plates 5 and 14.
D 22. At 59 750 lb. slight splintering on bottom. At 63 500 lb. piece
splintered off below north load to north end. Bearing plate crushing into
wood. At 64500 lb. crushing apparent north of north load. Largest load
65 500 Ib., when stick reached bed of machine, still carrying the load. Fail-
ure combination of tension and compression. See Fig. 17.
D 23. At 51650 lb. crushing became apparent at north load and deflec-
tions beyond this were much increased. Failure at 56500 lb. by crush-
ing and horizontal shear at north end simultaneously.
D 24. This beam is a good illustration of the action of several of the
creosoted loblolly stringers. Beyond 52 500 lb. the deflection increased very
rapidly, and the stick seemed to act like water-soaked or steamed wood,
bending like a very soft wood. Although slight splintering occurred on the
bottom at the north end, failure was due to crushing which was quite
apparent at both load points at 52 700 lb. (evidently occasioned by the bear-
ing blocks crushing into the wood), and failure occurred at 56 300 lb.
D 25. Failed by tension at knot near south load. Beam lacked stiff-
ness. See Plate 5.
D 26. Tension failure under north load.
E 1. At 29 800 lb. loud cracking occurred and load fell off to 20 000 lb.-
evidently a shear failure. Load picked up and deflections increased rapidly
thereafter, the stick acting as two beams. At 40 000 lb. the upper portion
of south end was projecting 4 in. The maximum load carried was 43 800 lb.
See Plates 6 and 15 and Fig. 18.
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E 2. Failure along seasoning crack by horizontal shear at 51400 lb.
,vith loud report. Load dropped to 24 000 lb.; stiff beam.
E 3. The great increase in deflection after load of 44 800 lb. was evi-
dently due to incipient shear failure and not to fiber elastic limit having
been reached. Sheared at south end (sawed end) at 47 700 lb. along a line 4
in. below top. Load dropped to 30400 lb. rose to 40000 lb. after a further
deflection of 0.62 in., when it failed by horizontal shear at the same end
along a second line 3 in. from bottom.
E4. Failed by horizontal shear at north end. This end was the sawed
end and was originally next to the end which failed in E 3.
E 5. Failed by horizontal shear at sawed end 7 in. below top at 32 500
lb. Load dropped to 15 750 lb. Load rose to 34300 lb. when the beam
sheared again at same end, this time 4 in. above bottom. The load then
dropped to 22 700 lb. See Plate 15.
E 6. Failure by horizontal shear at sawed end 7 in. below top at 33 600
lb. Load dropped to 20 000 lb. and finally rose to 29100 lb. when it sheared
again at the same end, this time 5 in. above bottom. Load dropped to
14000 lb.
E 7. Failed by horizontal shear at unsawed end at mid-depth at 37 500
lb. Load dropped to 22500 lb. With the deflection increased from 0.8 in.
to over 3 in., the load rose to a maximum of 47 300 lb., when splintering at
the bottom occurred. See Plate 15.
E8. Failed by splintering tension at 42000 lb. Strength affected by
cross-grain.
E9. Failed at sawed end by horizontal shear along inclined line at
53500 lb. Load dropped to 28000 lb. and with 1.5 in. additional deflection
rose to 41300 lb. The view shows final break. See Plate 6.
E 10. Large knot at center of bottom. At 23 100 lb. splitting began on
tension side, and deflection increased rapidly after this. Failed by tension
at 32 500. lb. See Plate 6 and Fig. 18.
E 11. Failed by horizontal shear at sawed end at 47 800 lb. Load fell to
27 600 lb. With increased deflection load rose to 49 900 lb., when the beam
failed by tension at the middle. See Plate 15.
E 12. At 36700 lb., 37 900 lb., and 38200 lb., there were slight splinter-
ings. accompanied each time by slight drop in load. Failed at unsawed
end by horizontal shear at 45 000 lb. Load fell to 26 950 lb.
F 1. Failed at sawed end by horizontal shear at 49100 lb. Failure
cracks inclined. Tension splintering also occurred under north load. See
Plate 16.
F 2. Very knotty stick. Large knot at bottom under north load. An-
other knot one foot away. At 44700 lb. seemingly giving way in tension at
middle, with loud report. Increased deflection afterward. Failure by hori-
zontal shear along neutral axis at 46600 lb. although at 44 700 lb. a loud
report and seeming failure at bottom indicated an approaching tension
failure. See Plate 7.
F 3. Failure by horizontal shear at 48850 lb. Load dropped to 25000
lb. See Plate 7.
F4. Failure at unsawed end by horizontal shear at 47000 lb. Loud
report. See Plate 7.
F 5. Failure at unsawed end by horizontal shear along prominent sea-
soning cracks opposite heart at 58000 lb. Line of shear across middle 4 in.
followed around annual ring.
F6. Somewhat cross-grained. Several large knots near neutral axis.
One 2-in. knot in middle near top. Deep seasoning checks opposite heart.
Failed at unsawed end by horizontal shear at 57 000 lb. See Plate 16.
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F 7. Tension failure. The grain around a knot just below the middle
was quite irregular. A shake also showed itself along the fracture. See
Plate 8.
F 8. Considerable sapwood. Cracking noise at 27500 lb. Loud crack-
ing at 32500 lb. Tension failure under south load point, followed imme-
diately by horizontal shear at the north (sawed) end.
F9. Heart at one face. Loaded twice-first time to 61300 lb. De-
flection set on release of load, 0.13 in. At second application of this load
deflection was 0.25 in. greater than on first loading. Failed at unsawed end
by horizontal shear at 67 500 lb.
F10. Heart at one face. Cross-grained. Cracking noises at each
application of load from 20000 lb. on. Tension failure at 42500 Ib. Cross-
grained failure. See Plate 8.
F 11. Cracking noises in middle at several loads from 12500 lb. on.
Failed at sawed end by horizontal shear at 51250 lb. See Plate 16.
F 12. Failed at unsawed end by horizontal shear.
F 13. Failed at unsawed end by horizontal shear through heart.
F 14. Failed by tension under south load point, followed immediately
by horizontal shear at the unsawed end. See Plates 8 and 16.
F15. Failed at unsawed end by horizontal shear, followed by slight
tension failure on west side in middle third.
F 16. Cracking noises on application of loads from 17 500 lb. on. Failure
by tension, the splinter starting from large knot under south load point.
15. Shear Test Data.-In Table 13, are given data of the
shearing tests of blocks cut from the full-size stringers of Series
A, B, D, E, and F. In pieces from creosoted sticks the failure
was gradual, something like a yield point being noticed, and there
was a considerable longitudinal movement before final failure.
In the untreated pieces the failures were generally quite sudden.
In the few pieces in which small knots were present along the
line of the shearing surface, greater resistance to shear was
noted. Generally speaking, failure was more frequently along
seasoning checks or else the failure line coincided with such
checks for some distance. Plates 17 and 18 give views of shear
test pieces after test and also show the position of seasoning
checks.
16. Small Beam Test Data.-In Table 13 data of the cross-
bending tests of small beam test pieces taken from stringers in
Series A, B, D, E, and F are given. The failures were generally
by tension or compression and at loads wall above the elastic limit
of the material.
17. General Results of Tests.-Table 14 gives a summary of
the results of the tests of stringers and of the minor test pieces
taken from them. Care should be exercised to take into consid-
eration the differences in conditions before drawing conclusions,
as, for example, the obvious defects of some of the sticks, the
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TABLE 13.
TESTS OF MINOR TEST PIECES.
Stresses are given in lb. per sq. in.
SmallBeams. 3 x 3 x 40 inches
Elastic
Limit
10 640
8 780
6 675
6 680
9 525
8 700
6 670
6 675
6 950
7 990
6 470
5 430
8 270
8 000
4 170
4 260
5 330
6 810
5 360
6 650
5 850
10 000
6 000
6 660
8 520
6 940
8 000
6 270
6 670
4 270
6 200
7 480
2 130
6 390
5 600
5 875
6 800
4 000
6 800
6 670
6 670
6 820
6 280
7 170
8 000
5 330
5 570
8 140
1 Fiber Hor. Shear'g Manner of
Stress Failure
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Tension
Hor. shear
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Tension
Tension
Stress
12 000
10 450
10 000
10 000
13 800
8 700
10 000
10 000
9 980
10 350
6 470
8 760
10 050
8 670
4 580
4 650
9 730
10 900
5360
7 520
6 860
10 950
8 400
8 060
10 850
10 600
10 000
8 800
8 800
4 400
6 200
8 720
3 510
7 560
10 000
7 840
9 740
4 000
8 540
8 860
8200
10 900
9 810
10 300
10 000
5 330
8 600
9 300
Shear Blocks
Approximately
7x 12 in.
Des.
A la
A lb
A Ic
A Id
A 2a
A 2b
A 2c
A 2d
A 3a
A 3b
A 3c
A 3d
A 4a
A 4b
A 4c
A 4d
A 5a
A 5b
A 5c
A 5d
A 6a
A 6b
A 6c
A 6d
A 7a
A 7b
A 7c
A 7d
A 8a
A 8b
A 8c
A 8d
A 9a
A 9b
A 9c
A 9d
A 10a
A lOb
A lOc
A 10d
A lla
A 11b
A lle
A lld
A 12a
A12b
A 12c
A 12d
Desig-
nation
A ly
A lz
A 2y
A 2z
A 3y
A 3z
A 4y
A 4z
A 5y
A Sz
A 6y
A 6z
A 8y
A 8z
A 9y
A 9z
AlOz
Ally
Allz
A12y
A12z
Shearing
Stress
644
497
324
292
785
454
629
359
521
336
609
680
710
482
428
514
134
35
357
398
444
384
~ ~
------
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TABLE 13. (Continued)
TESTS OF MINOR TEST PIECES.
Stresses are given in lb. per sq. in.
Small Beams. 3 x 3 x 40 inches
Fiber Hor. Shear'g
Stress Stress
A 13a
A 13b
A 13c
A 13d
A 14a
A 14b
Al14c
A 14d
A15a
A 15b
A 15c
A 15d
A 16a
A 16b
A 16C
A 16d
A 17a
A 17b
A 17e
A 17d
A 18a
A 18b
A 18c
A 18d
A 19a
A 19b
A 19c
A 19d
A 20a
A 2Ob
A 200
A 20d
Av.
B lb
B lc
B 2a
B 2b
B 2c
B 2d
B 3a
B 3b
B 3c
B 3d
B 4a
B 4b
B 4c
B 5a
B 5b
H 5c
B 5d
Manner of
Failure
6 140
6 675
7 210
10 000
7 650
5 980
4 800
6 000
8 000
10 150
6 675
9 340
6 680
6 660
4 000
7 330
7 930
8 500
8 670
8 660
7 890
7 450
5 320
6 680
4 670
5 450
2 670
4 410
8 000
8 000
8 650
9 350
6 835
5 380
5 140
7 850
7 380
5 940
5 300
6 340
5 860
5 950
6 460
7 725
7 330
6 550
9 880
9 060
7 200
7 180
Shear Blocks
Approximately
7x 12 in.
Desig- Shearing
nation Stress
8 940
9 940
10 400
11 650
11 750
7 050
5 330
8 720
8 320
13 500
10 650
9 340
13 050
10 650
5 730
9 100
11 500
10 100
9 860
10 400
7 890
9 050
9 450
10 050
6 000
6 370
3 270
4 670
10 000
10 150
8 650
9 350
8 810
7 000
7 320
8 900
9 850
6 980
7 550
8 180
6 9001
8 600
9 000
11 300
10 900
10 900
12 300
11 800
9 100
9 600
Des.
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Hor. shear
Hor. shear
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Hor. shear
Hor. shear
Tension
Tension
Tension
Tension
Tension
Tension
Crushing
Tension
Tension
Tension
Crushing
Crushing
Tension
Crushing
Crushing
Crushing
Crushing
Crushing
Tension
Tension
Crushing
Crushing
Tension
Crushing
Crushing
Tension
Crushing
Elastic
Limit
A13y
A13z
A14y
A14z
A16y
A16z
A18y
A18z
A19y
A19z
A20y
B ly
B lz
B 2y
B 2z
B 3y
B 3z
B 4y
B 4z
B 5y
B 5z
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TABLE 13. (Continued)
TESTS OF MINOR TEST PIECES
Stresses are given in lb. per sq. in.
Small Beams. 3 x 3 x 40 inches
S ElasticDes. Limit
4 920
5 430
6 720
7 000
5 650
5 430
5 220
4 750
5 300
5 520
6 440
6 240
7 250
6 540
5 960
6 490
6 475
5 590
6 150
5 960
5 010
5 150
5 670
5 460
6 190
5 910
4 325
5 550
5 580
6 125
4 940
5 650
5 220
5 250
6 110
6 310
5 920
5 180
4 540
3 690
5 740
2 990
4 410
4 790
3 400
3 610
Fiber Hor. Shear'g Manner of
Stress
416
473
552
591
476
445
460
437
380
408
508
583
578
619
600
618
508
468
609
563
430
427
549
532
543
483
345
350
438
478
497
578
397
413
513
474
491
389
381
313
424
234
347
358
214
252
Failure
Crushing
Crushing
Tension
Crushing
Crushing
Crushing
Crushing
Tension
Crushing
Crushing
Tension
Tension
Crushing
Crushing
Tension
Tension
Crushing
Crushing
Tension
Tension
Crushing
Crushing
Tension
Tension
Crushing
Tension
Tension
Tension
Crushing
Crushing
Tension
Tension
Tension
Tension
Crushing
Tension
Crushing
Tension
Crushing
Tension
Hor. Shear
Crushing
Tension
Tension
Tension
Stress
6 620
7 C40
8 850
9 440
7 630
7 130
7 400
7 060
6 100
6 500
8 220
9 340
9 450
7 410
9 700
10 000
8 250
7 450
9 850
9 000
6 850
6 800
8 800
8 530
8 740
7 750
5 500
5 550
7 050
7 650
8 000
9 200
6 250
6 550
8 280
7 900
8 000
6 450
6 450
5 000
7 000
3 800
5 600
5 700
3 400
4 000
Shear Blocks
Approximately
7 x 12 in.
Desig- Shearing
nation Stress
B 6y
B 6z
B 6a
B 6b
B 6c
B 6d
B 7a
B 7b
B 7c
B 7d
B 8a
B 8b
B 8e
B 8d
B 9a
B 9b
B 90
B 9d
B 10a
B 10b
B 10o
B 10d
B lla
B llb
B 110
B lld
B 12a
B 12b
B 12c
B 12d
B 13a
B 13b
B 13c
B 13d
B 14a
B 14b
Av,
D la
D lb
D Ic
D Id
D 2a
D 2b
D 20
D Sd
D 3b
D 3e
D 3d
B 7y
B 7z
B 8y
B 8z
B 9y
B 9z
BlOy
BIOz
Blly
Bllz
B12yB12z
B13y
B13z
Bl4y
B14z
D ly
D iz
D 2y
D 2z
D 3y
D 3z
-~--
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TABLE 13. (Continued)
TESTS OF MINOR TEST PIECES.
Stresses are given in lb. per sq. in.
Si Shear Blocks
ElasticDes. Limit
D 4a
D 4b
D 40
D 4d
D 6a
D 6b
D 6c
D 6d
D 7b
D 7e
D 7d
D 8a
D 8b
D 8c
D 8d
D 9a
D 9b
D 9c
D 9d
D 10a
D 10b
D 10c
D 10d
D lla
D ilb
Dlle
D lld
D 12a
D 12b
D 12c
D 12d
D 13a
D 13b
D 13c
D 13d
D 14a
D 14b
D 14c
D 14d
Av.
D 16a
D 16d
D 17a
D 18a
D 18c
6 340
5 500
5 420
4 910
3 490
3 710
3 050
3 090
5 900
5 620
5 370
4 425
3 700
2 890
3 010
4 330
5 180
4 510
4 110
6 030
4 570
4 270
4 200
4 280
4 580
3 490
3 540
4 610
4 210
3 550
3 560
4 020
5 310
4 780
4 500
5000
3 400
5 610
5 600
4 485
1 470
816
4 000
4 850
4 750
Small Beams, 3 x 3 x 40 inches
Fiber Hor Shear'g 
Manner of
Stress
8 450
8 300
7 400
6 100
4 500
4 800
4 450
4 700
8 300
7 400
7 200
5 500
5 300
4 200
4 700
6 500
6 000
6 100
6 100
7 500
6 800
6 000
5 900
7 000
t 100
4 900
5 100
5 650
6 300
5 400
5 200
6 700
6 700
6 200
6 600
6 050
3 400
7 400
7 600
6 035
1880
816
4 670
4 850
6 000
Stress Failure
528
520
460
382
279
276
278
292
512
468
451
342
332
264
297
406
369
383
378
466
435
374
367
438
387
308
318
355
402
338
333
417
407
378
397
377
212
468
484
375
114
51
292
304
375
Crushing
Crushing
Crushing
Crushing
Tension
Tension
Tension
Crushing
Tension
Tension
Crushing
Tension
Tension
Crushing
Tension
Tension
Tension
Crushing
Tension
Crushing
Crushing
Crushing
Crushing
Tension
Tension
Crushing
Crushing
Crushing
Crushing
Tension
Tension
Tension
Tension
Crushing
Crushing
Hor. shear
Hor. shear
Tension
Crushing
Tension
Tension
Tension
Tension
Tension
Approximately
7x 12in.
Desig-
nation
D 4y
D 4z
D 6y
D 6z
D 7y
D 7z
D 8y
D 8z
D 9y
D 9z
DlOy
D10z
Dlly
Dllz
D12y
D12z
D13y
D13z
D14y
D14z
D16y
D16z
D17y
D17z
D18y
DI8z
Shearing
Stress
493
600
327
359
407
115
286
390
328
445
481
348
742
557
430
513
549
415
143
176
403
406
551
412
440
227
141
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TABLE 13. (Continued)
TESTS OF MINOR TEST PIECES.
Stresses are given in lb. per sq. in.
Small Beams, 3 x 3 x 40 inches.
Fiber Hor. Shear'g Manner of
Stress Stress FailureDes.
ilastic
Limit
7 060
6 010
3 760
3 600
4 050
4 310
4 240
4 450
5 730
6 380
4 180
5 020
7 450
6 400
5 340
6 250
7 770
6 790
5 675
5 090
5 680
5 090
4 120
4 720
5 310
4 150
2 780
4 000
4 730
6 100
3 730
7 050
4 945
8 200
4 560
8 270
8 700
7 290
9 150
6 975
9 300
8 950
9 300
5 330
4 080
6 800
8 000
7 270
7 680
Desig-
nation
9 000
6 060
4 920
4 340
5 360
6 400
6 550
6 850
7 540
8 510
4 570
5 060
8 400
8 000
6 670
7 600
9 010
8 490
7 750
7 230
5 890
7 120
5 780
6 140
6 550
5 190
4 170
4 600
6 770
7 270
5 120
8 490
6 210
10 300
8 950
10 300
11 200
9 800
12 100
7 900
9 300
9 350
10 250
7 200
7 650
8 840
10 000
10 170
10 170
Shear Blocks
Approximately
7x 12in.
Shearing
Stress
D 19a
D 19b
D 19c
D 19d
D 20a
D 20b
D 200
D20d
D21a
D 21b
D 21e
D 21d
D 22a
D 22b
D 22c
D 22d
D 23a
D 23b
D 23c
D 23d
D 24a
D 24b
D 24c
D24d
D 25a
D 25b
D 25c
D 25d
D 26a
D 26b
D 26e
D 26d
Av.
E la
E lb
E Ic
E Id
E 2a
E 2b
E 2c
E 2d
E 3a
E 3b
E 3c
E 3d
E 4a
E 4b
E 4e
E 4d
Hor. shear
Tension
Hor. shear
Hor. shear
Tension
Tension
Tension
Crushing
Tension
Tension
Hor. Shear
Hor. Shear
Tension
Hor. shear
Tension
Tension
Crushing
Tension
Tension
Crushing
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Tension
Hor. shear
Tension
Tension
D19y
D19z
D20y
D20z
D21y
D21z
D22y
D22z
D23y
D23z
D24y
D24z
D25y
D25z
D26y
D26z
E ly
E lz
E 3y
E 3z
E 4y
E 4z
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TABLE 13. (Continued)
TESTS OF MINOR TEST PIECES.
Stresses are given in lb. per sq. in.
Small Beams, 3 x 3 x 40 inches.
Fiber
Stress
8 640
6 480
10 770
11 480
11 010
9 860
8 120
14 410
8 820
10 200
9 380
12 820
4 740
9 440
9 450
7 270
9 460
9 180
10 950
10 020
5 300
8 340
11 780
7 660
9 680
3 130
8 860
6 970
10 030
5 630
8 920
9 200
4 600
7 200
5 150
7 650
3 280
5 650
4 700
9 400
5 900
7 000
6 350
8 600
7 600
7 900
7 550
Hor. Shear'g Manner of
Stress Failure
Tension
Tension
Crushing
Crushing
Tension
Tension
Tension
Crushing
Tension
Tension
Tension
Crushing
Tension
Hor. shear
Tension
Tension
Hor. shear
Tension
Tension
Tension
Hor. shear
Tension
Tension
Hor. shear
Tension
Hor. shear
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Hor. shear
Tension
Crushing
Hor. shear
Crushing
Tension
Crushing
Crushing
Shear Blocks
Approximately
7 x12 in.
Desig-
nation
Shearing
StressDes.
Elastic
Limit
8 610
4 870
10 770
8 160
7 330
7 230
6 800
10 550
6 950
7 220
6 860
8 780
3 010
6 250
7 450
5 470
6 790
7 180
9 460
8 240
4 960
7 710
8 430
6 570
7 970
2 230
6 670
5 420
7 650
3 640
6 650
7 145
4 489
6 780
3 740
6 375
3 020
4 850
4 430
7 950
5 500
5 780
5 100
6 880
6 300
6 070
6 100
------------ |
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TABLE 13. (Concluded)
TESTS OF MINOR TEST PIECES.
Stresses are given in lb. per sq. in.
Small Beams. 3 x 3 x 40 inches.
ElasticDes. Limit
F 9a
F 9b
F 9c
F 10a
F 10b
F 10e
F 10d
F Ila
F Ilb
F Ile
F 12a
F 12b
F 12e
F 12d
F 13a
F 13b
F 13c
F 13d
F 14a
F 14b
F 14c
F 14d
F 15a
F 150
F 15c
F 15d
F 16a
F 16b
F 16c
F 16d
Av.
8 950
6 510
8 510
6 670
7 340
5 880
3 320
5 930
7 .90
6 650
5 890
5 940
5 270
5 940
5 080
6 780
5 380
5 690
6 380
5 275
5 800
5 640
5 470
6 660
6 250
5 830
5 460
5 825
6 270
6 520
6 650
5 970
Fiber Hor. Shear'g
Stress Stress
10 510
7 840
9 550
8 930
7 650
8 540
5 370
7 330
8 660
9 470
6 530
8 970
6 940
8 420
7 600
9 200
6 930
7 650
6 620
6 200
8 850
7 550
6 670
6 940
7 520
8 480
7 520
8 270
8 660
7 570
6 860
7 445
Manner of
Failure
Crushing
Hor. shear
Tension
Hor. shear
Hor. shear
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Crushing
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Crushing
Tension
Tension
Crushing
Tension
Tension
Desig- Shearing
nation Stress
difference in depth in Series A and B, and the small number of
pieces in some of the series. Reference to this table will be made
in the discussion which follows.
18. Test Data of Miscellaneous Test Pieces. Series Mand N.-In
Table 15 are given the data of the tests of series M. The test
pieces were taken from four stringers, and by an oversight all
pieces were creosoted. However, the results are of some inter-
est in showing the variations in test pieces cut from the same
stringer and in the averages for the several stringers. The indi-
vidual variations in the small beams, both in elastic limit and in
Shear Blocks
Approximately
7x12in.//
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ultimate strength, are not large. The variations in strength of
shear blocks are more noticeable, ranging from 45% below the
average for the stringer to 60% above that average. The values,
1130, 1035, and 1011 lb. per sq. in., are especially high for lob-
lolly pine, and 241 and 244 lb. per sq. in. are low strengths for
shear blocks. Of the averages for test pieces from one stringer,
the high value for elastic limit and maximum fiber stress in the
small beams in M 4, 6215 and 8735 lb., respectively, may be noted,
and also the low value for its shear blocks, 442 lb. per sq. in.
In Table 16 are given the data for the tests of Series N. A
comparison of the results for the untreated and treated pieces is
made under "26. Effect of Creosoting". The general uniformity
of the results in the small test beams cut from the same stringer
is noticeable. Two low values, Nla4 and N4c4, are shown by the
notes to be due to knots and cross grain. The strength of the
shear blocks covers a greater range. The high values are 1106,
1004, and 1014 lb. per sq. in. The low values are 217 and 277 lb.
per sq. in. The average maximum fiber stress for the small
beams in N2 and N3 is high.
19. Horizontal Shearing Strength.-Table 17 gives a summary
of the results of the failures in horizontal shear. Fig. 8 is given
to show the range and the distribution of the results over the
field. The large number of failures by horizontal shear and the
seemingly low values found for the shearing resistance, as com-
pared with those quoted in books and with the results obtained
from small test specimens, are worthy of note. The method of
selection of stringers and the variety of conditions represented
indicate that the stringers are not unusual lots and that so far as
resistance to shear is concerned their general condition may be
considered to be similar to that of timber in use. The range of
results is from 188 to 497 lb. per sq. in., and the average for the
several series runs from 273 to 390 lb. per sq. in. It is worthy of
note in this connection that, as a general rule, for the stringers
which did not fail in horizontal shear those developing a shear-
ing stress less than the average for the series had defects like
knots which obviously were the occasion of the low cross-break-
ing strength and that those not showing such defects gave shear-
ing stresses not as high as the highest developed in shear fail-
ures. It is also interesting to note that in the stringer which
developed the highest fiber stress, A17, the break in tension was
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TABLE 15.
TESTS OF SERIES M.
All creosoted loblolly pine. All failed in tension. Stresses are given
in lb. per sq. in.
Small Beams, 3 x 3 x 40 in.
Elastic
Limit
5 760
3 760
6 000
5 870
5 020
5 130
4 650
5 110
5 240
5 660
4 140
4 270
4 750
4 730
5 450
4 000
4 975
5 440
5 230
4 610
5 160
4 260
4 260
5 040
4 480
5 520
6 800
5 900
5 020
5 360
4 150
5 930
5 070
5 135
3 590
4 170
3 720
4 700
4 900
4 180
4 400
5 350
5 550
5 020
6 890
4 100
5 150
5 540
6 280
5 130
4 915
Fiber Stress
8 150
6 850
8 850
7 700
7 000
7 060
6 480
7 200
7 040
7 690
6 460
6 800
7 300
7 750
7 400
6 660
7 275
7 800
8 500
6 710
6 920
5 350
5 730
6 200
6 380
9 280
8 550
8 270
6 280
7 100
6 530
8 310
6 490
7 160
4 740
5 450
5 650
5 830
4 900
4 760
6 350
7 100
7 360
5 400
7 650
6 770
7 280
7 550
7 850
7 550
6 390
Hor.
Shearing
Stress
Des.
Shear Blocks
Approximately 7 x 12 in.
Des.
M lbl
M lb2
M lb3
M lb4
M lb5
M lb6
M 1b7
M lb8
M 1b9
M I10W
M lbll
M lbl3
M lbl4
M2bl
M 2b2
M 2b3
M 2b4
M2b5
M 2b6
M 2b7
M 2b8
M2b9M 2b10M2bl0
M 2b11
M2b12
M2b13
M2b14
M 3b1
M3b2
M 3b3
M 3b4
M 3b5
M3b6
M3b7
M 3b8
M3b9
M 3b10
M 3bll
M3bl2
M 3bl3
M 3b14
510
436
542
481
445
449
405
450
438
480
404
424
446
484
471
409
454
489
531
428
440
334
358
394
406
590
544
526
400
444
414
528
405
452
296
345
360
364
306
304
397
443
479
344
478
424
463
490
499
481
405
M lal
M la2
M 1a2
M la3
M la3
M la4
M 1a4
M lcl
M lc2
M 1c2
M lc3
M lc3
M lc4
M lc4
Av.
M 2al
M 2al
M 2a2
M 2a2
M 2a3
M 2a3
M 2a4
M 2a4
M 2cl
M 2(l
M 2c2
M 2c2
M 2c3
M 2c3
M 2c4
M 2c4
Av.
M 3al
M 3al
M 3a2
M 3a2
M 3a3
M 3a3
M 3a4
M 3a4
M 3cl
M3cl
M 3c2
M 3c2
M 3c3
M 3c3
M 3c4
M 3c4
Av.
Shearing
Stress
1130
884
718
464
523
780
464
746
582
954
561
710
863
955
664
682
766
436
650
965
678
864
908
875
775
646
766
478
465
297
343
761
562
467
892
1035
1011
643
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TABLE 15-(Concluded)
TESTS OF SERIES M.
All creosoted loblolly pine. All failed in tension. Stresses are given
in lb. per sq. in.
Hor.
Fiber Stress Shearing
Stress
7 840
7 060
7 960
7 600
7 850
9 790
10 140
8 120
8 840
9 860
7 800
8 810
10 400
8 800
9 460
9 390
8 735
490
450
498
474
498
612
645
516
564
616
486
563
650
550
591
586
549
Shear Blocks
Approximately 7 x 12 in.
Des. ShearingStress
M 4bl 358
M4b2 241
M4b3 496
M 4Wh 276
M4b5
M 4b6
M 4b7
M 4b8
M 4b9
M 4b10
M4b1l
M4bl2
M4b13
M 4bl
244
281
460
480
740
563
626
541
442
followed so quickly by horizontal shear failure that only direct
observation at the instant of failure enabled the initial cause of
failure to be known. Only three beams developed a higher
shearing resistance than this, and their failures were by horizon-
tal shear.
It is of interest to compare the shearing resistance developed
in the stringers with the results of the shear tests of blocks cut
from the stringers. These shear blocks were the full thickness
of the stringer and were taken from the mid-depth at an unin-
jured end. Thus, although they represented the portion of the
depth which received the greatest shearing stress, in the case of
stringers which had failed by shear, the blocks presumably had
greater shearing strength than had the timber at the end which
failed. As the shear blocks contained seasoning checks and other
defects, the results may be expected to be less than those which
would be obtained from small pieces of selected wood or from
pieces taken away from the heart wood. Table 18 gives the
ratio of the horizontal shearing stress developed in the stringers
to the shearing stress developed in the shear blocks. It will be
seen that this ratio, in the case of stringers failing in horizontal
Small Beams, 3 x 3 x 40 in.
Des.
M 4al
M4al
M 4a2
M 4a2
M 4a3
M 4a3
M 4a4
M 4a4
M4cl
M4c2
M4c2
M4c2
M4c3
M4c3
M4c4
M4c4
Av.
Elastic
Limit
7 450
6 150
6 800
6 150
5 670
5 550
7 850
5 960
5 760
6 530
5 080
6 410
6 790
4 800
6 800
5 690
6 215
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TABLE 16.
TESTS OF SERIES N.
Loblolly pine. Even numbers are creosoted. Odd numbers are untreated.
Stresses are given in lb. per sq. in.
Small Beams, 3 x 3 x 40 inches.
De Elastic Fiber
Des. Limit Stress
Nial
Nial
Nla2
Nla2
Nla3
Nla3
Nla4
Nla4
Nlcl
Nlc2
Nlc2
Nlc3
Nlc3
Nlc4
Nlc4
Average
Untreated
Average
Creosoted
N2al
N2al
N2a2
N2a2
N2a3
N2a3
N2a4
N2a4
N2c2
N2c2
N2c3
N2c3
N2c4
N2c4
Average
Untreated
Average
Creosoted
N3al
N3al
N3a2
N3a2
N3a3
N3a3
N3a4
N3a4
5 060
4 780
3 600
4 000
5 490
4 540
4 400
2 350
3 840
4 480
4 130
4 260
4 575
6 660
3 780
3 770
4 930
3 785
7 900
7 460
5 750
6 790
6 150
6 550
5 960
4 790
5 520
8 540
5 790
6 550
5 300
4 230
6 730
5 860
6 650
6 420
5 220
5 340
6 380
6000
4 740
5 650
7 960
7 950
6 020
5 020
7 350
7 760
5 750
2 350*
8 550
6 280
6 040
6 400
7 550
9 600
5 550
6 720
7 875
5 480
11 400
11 300
8 310
8 820
9 520
9 800
7 850
6 670
8 580
10 900
8 630
9 080
8 200
5 950
9 955
8 160
10 010
8 550
7 600
9 420
10 200
9 750
7 100
8 090
Hor. Shear'g Manner of
Stress Failure
* Low value is due to knots and cross grain.
Tension
No break
Tencsinn
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Crushing
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Shear Blocks
Approximately
7x 12 in.
Des. ShearingDe' Stress
NlblN1b2
Nlb3
Nlb4
Nlb5
Nlb6
Nlb7
Nlb8
Nlb9
Nlbl0
Nlbl2
Nlbl4
Nlb14
Nlbl5
N1bl6
N2bl
N2b2
N2b3
N2b4
N2b5
N2b6
N2b7
N2b8
N2b9
N2bl0
N2bll
N2b12
N2bl3
N2b14
N2bl5
N2bl6
N3bl
N3b2
N3b3
N3b4
N3b5
N3b6
N3b7
N3b8
956
841
757
803
920
878
696
1106
709
889
1004
968
935
SmllBam,3 3x40ichs
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TABLE 16. (Concluded)
TESTS OF SERIES N.
Loblolly pine. Even numbers are creosoted. Odd numbers are untreated.
Stresses are given in lb. per sq. in.
Small Beams, 3 x 3 x 40 inches.
Fiber Hor. Shear'g
Stress Stress
10 800
9 760
7 270
8 810
9 450
8 580
7 400
8 190
8 640
7 985
8 150
8 760
9 100
9 600
7 000
7 210
8 000
8 040
5 570
6 280
5 910
3 240*
8 685
6 515
688
622
464
562
615
546
462
521
Manner of
Failure
Tension
Tension
Crushing
Tension
Tension
Tension
Tension
Crushing
Tension
Tension
Tension
Crushing
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Tension
Shear Blocks
SApproximately
7x 12 in.
N3b9
N3bl0
N3bll
N3bl2
N3b13
N3bl4
N3bl5
N3bl6
N4bl
N4b2
N4b3
N4b4
N4b5
N4b6
N4b7
N4b8
N4b9
N4bl0
N4bll
N4b12
N4b13
N4bl4
N4bl5
N4b16
Shearing
Stress
* Low value is due to knots and cross grain.
shear, ranged from 0.61 for Series E to 1.00 for Series F. It
seems evident that a lower shearing resistance may be expected
in beams than will be developed in shear tests on blocks taken as
these were.
Attention is called to the higher shearing stresses developed
in the small beams taken from the top and bottom of the tested
stringers, as shown in Table 13, even when the failure was by ten-
sion or compression, and to the fact that the shearing stress devel-
oped in the small beams averaged higher than the shearing strength
Elastic
Limit
6 925
5 650
4 810
6 400
5 930
6 040
5 250
5 560
Des.
N3cl
N3cl
N3c2
N3c2
N3c3
N3c3
N3c4
N3c4
Average
Untreated
Average
Creosoted
N4a2
N4a2
N4a3
N4a3
N4a4
N4a4
N4cl
N4cl
N4c2
N4c2
N4c4
N4c4
Average
Untreated
Average
Creosoted
I
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TABLE 17.
SUMMARY OF FAILURES IN HORIZONTAL SHEAR.
Stresses are given in lb. per sq. in. In the last column is given the
highest value for stringers which did not fail by horizontal shear.
Series and Kind No. ofPieces
A Untreated longleaf pine............
B Untreated longleaf pine ...........
C Untreated shortleaf pine...........
C Creosoted shortleaf pine............
C Untreated loblolly pine............
C Creosoted loblolly pine..............
D Untreated loblolly pine...........
D Creosoted loblolly pine.............
E Old Douglas fir ................
F New Douglas fir ..................
Horizontal Shearing Stress
Average Highest Lowest
TABLE 18.
RELATION OF HORIZONTAL SHEARING STRESS DEVELOPED IN STRINGERS
TO STRESS DEVELOPED IN SHEAR BLOCKS CUT FROM
UNINJURED PORTION OF STRINGERS.
Stresses are given in lb. per sq. in.
Series and Kind
Stringers Failing in Shear All Stringers
Hor. Shearing Stress Hor. Shearing Stress
No. of No of
Piees Stri Pieces tnString-1loks RatioBlocks Ratio Pe rn- Blocks Ratio
ers ----------- ers ---
A Untreated longleaf pine........ 12 370 491 .75 20 344 466 .74
B Untreated longleaf pine........ 13 390 394 .99 14 386 393 .98
D Untreated loblolly pine........ 7 314 384 .82 14 289 403 .72
D Creosoted loblolly pine ........ 3 363 483 .75 12 330 441 .75
E Old Douglas fir. ............... 10 298 491 .61 12 291 486 .60
F New Douglasfir................ 11 323 321 1.01 16 315 315 1.00
of the shear block taken from the same stringer except for Series
D which was loblolly pine having a low fiber strength and hence
developing a correspondingly low shearing stress in the beams
tested. This comparison brings out the greater shearing
resistance of the wood at the top and bottom of the stringer in
timber subject to seasoning checks of magnitude.
In examining the results of these tests it is apparent that
seasoning checks are a source of weakness in horizontal shearing
Highest
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Fie. 8. VALUES OF HORIZONTAL SHEARING STRESS IN BEAMS FAILING
IN HORIZONTAL SHEAR.
resistance and that a wood which develops marked seasoning
checks, as longleaf pine, may have its higher tensile and com-
pressive strength discounted by shearing weaknesses, while a
softer wood like loblolly pine in beams of the dimensions used in
stringers may more advantageously utilize the fiber strength it
possesses. It is well to emphasize the importance of using
methods of seasoning which will minimize the evil of the checks
and cracks produced in seasoning.
As having a possible bearing on whether the greater exposure
at the end of the stick may develop more troublesome seasoning
checks than are developed in the remainder of the stick, the tests
of the Douglas fir stringers may be examined. These stringers
came in lengths of 32 ft. and were cut at the middle to make two
test beams, thus giving one old end and one new end. Of the old
Douglas fir which failed in horizontal shear, six failed at the new
end and two at the old end, and for the other two there is no
record. Of the new Douglas fir which failed in horizontal shear,
two failed at the new end and seven at the old end, and for two
there is no record.
20. Maximum Fiber Stress.-The maximum fiber stress devel-
oped in the full-size beams was generally low, lower than the
values generally quoted for the strength of such timber. The
shear failures, of course, operated to prevent the development of
the full fiber strength of the wood, but it is worthy of note (see
Table 14) that in every series the average value of the fiber stress
developed in beams failing in tension was less than the average
in beams failing in horizontal shear, and that with the exception
of Series A the highest fiber stress developed was less in the
tension failures than in the shear failures. That the reason for
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low fiber strength may lie principally in the presence of knots
and cross-grain emphasizes rather than detracts from the impor-
tance of these deductions.
The average value of the maximum fiber stress is, in the sev-
eral series, from 3445 lb. per sq. in. in the creosoted loblolly pine
of Series D to 5470 lb. per sq. in. in the longleaf pine of Series A.
The high values, as may be expected, are generally in clear,
straight-grained heavy sticks, though A17 which developed a
maximum fiber stress of 8410 lb. per sq. in., the highest strength
of any beam tested, contained a number of solid knots, i in. to 1l
in. across, all at or near the upper surface of the beam. The low
values in cross-breaking failures were found in sticks having
defects like large knots, cross grain, or in the case of the loblolly
pine a large amount of sap wood. In most of the very low values
in cross breaking the defects in the sticks were quite apparent,
as in the two sticks in Series C which were selected to show the
effect of large knots and as in D 5 and D 16 which would hardly
be called merchantable sticks, but in A 4 (see Plate 1) the bad
shake through the middle of the length of the beam could not
have been known in advance of the test.
Tests show that selected wood is stronger and stiffer in ten-
sion than in compression, but it is seen that the failures in cross
bending were generally on the tension side. The exceptions are
in the creosoted loblolly in Series D. It will be shown that in
Series C the deformation on the tension face of the beams was
greater than on the compression face. These facts seem to indi-
cate that the defects of knots and cross grain have a greater
effect on the properties of tension than on those of compression.
Possibly another explanation may be found for the conditions in
loblolly pine.
Fig. 9 shows for the several series the distribution of the
maximum fiber stress developed, a distinction being made between
cross-breaking and shear failures.
21. Relation of Fiber Stress of Small and Full-size Pieces.-It is
evident from Table 19 that the small test beams taken from the
top and bottom of the full-size stringers developed much higher
stresses than were developed in the tests of the stringers. This
was true in the fiber strength of the small test beams which failed
in tension or compression and also in the shearing strength devel-
oped in the beams failing in horizontal shear. The higher fiber
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FIG. 9. VALUES OF FIBER STRESS AT FAILURE.
stress developed in the small beams may be due in part to the
greater freedom from knots in the small test beams selected than
in the large stringers, but a large part may be attributed to
greater homogeneity of structure in the small beams and to the
absence of seasoning checks. The higher horizontal shearing
stress developed in the small beams may be due principally to the
greater freedom from seasoning checks and the consequent greater
resistance of the fibers to longitudinal shear.
The comparison of the fiber stresses developed in cross bend-
ing at failure given in Table 19 shows that the fiber stress of the
full-size stringers averaged in the several series from 48% to 76%
of the fiber stress in the corresponding small test beams. Even
with the failures by horizontal shear excluded from consideration,
the relation would be but little better. In Series C a systematic
test of small beams was not made, but the small beams taken from
four of the full-size beams showed the latter to have 47% to 55%
of the strength of the former in the case of the shortleaf pine and
76% to 83% in the case of the loblolly pine. Few of the small test
beams failed by horizontal shear, but the shearing strength devel-
oped in the small beams was much higher than in the large ones.
The results of the tests as a whole go to show, if it were nec-
essary to have a new confirmation of this, that the strength of
small pieces may not be taken as representative of the strength of
full-size sticks. Tests of small pieces may be of service in com-
paring woods of different kinds, though even here one species or
5shor//eot ouo105 /-/rL orny/eur
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TABLE 19.
RELATION OF MAXIMUM FIBER STRESS DEVELOPED IN STRINGERS TO
STRESS DEVELOPED IN SMALL TEST BEAMS.
Stresses are given in lb. per sq. in.
Average Highest Lowest
Series and Kind
Large Small Ratio Large Small Ratio Large Small Ratio
A Unt. longleafpine.... 5308 8810 .60 8410 11500 .73 2640 10000 .26
B Unt. longleaf pine.... 5470 8280 .66 6170 9850 .66 3620 7410 .49
D Unt. loblolly pine.... 4090 6035 .68 5740 8450 .68 2530
D Creo. loblollypine... 4748 6210 .76 6080 9000 .68 2660 1880 1.42
E Old Douglas fir....... 4284 9200 .47 5730 10950 .52 3260 5300 .62
F New Douglas fir...... 4544 7445 .61 6040 10510 .57 3250
one shipment may be more subject to the weakness of knots,
shakes, or seasoning checks than another. The high values of
fiber strength and of horizontal shearing strength sometimes given
in tables in engineering books and literature seem to have crept
in through assuming that the strength of small test-pieces repre-
sents the strength of the full-size stick which would be used.
22. Elastic Limit.-Table 20 gives the fiber stress at the elastic
limit and the ratio of this stress to the stress at the ultimate. Fail-
ures by horizontal shear are grouped separately from cross-break-
ing failures, the former preceding the latter in the table. There is
a considerable range in the value of the elastic limit. In Series C
the range is from 1960 to 5830 lb. per sq. in.; in Series D from 1460
to 4330 lb. per sq. in. The elastic limit is evidently affected by
defects like knots and cross grain. To what extent it is affected
by conditions, like seasoning checks, which give low horizontal
shearing strength or act to permit considerable longitudinal
movement of fibers, is not known. The ratio of the elastic limit
to the breaking strength is given in the column of ratios in Table
20. The average of the ratios is from 0.67 to 0.90.
Fig. 10 shows for the several series the elastic limits
developed. It shows graphically the distribution of individual
values over the field.
23. Deflection of Beams and Modulus of Elasticity.-The deflec-
tions at mid-span, are shown in the diagrams in Fig. 11 to 19 at
the end of the text. Since stringers are usually placed side by
side, their relative stiffness fixes the proportion of the total load
which the individual stringer takes; i. e., for a given deflection
the stiffer stringer takes the larger share of the load and the less
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TABLE 20.
RELATION OF FIBER STRESS AT ELASTIC LIMIT TO FIBER STRESS AT FAILURE.
Stresses are given in lb. per sq. in.
RatioElastic to i-
Limit o Maxi-
mum
Des.
A 1
A 2
A3
A 5
A7
A 8
All
A 12
A 13
A 15
A 18
A 20
Av.
A 4
A6
A9
A10
A 14
A 16
A 17
A 19
Av.
B 1
B 2
B 3
B 4
B 5
B 6
B 7
B 8
B9
B10
B11
B12
B 13
Av.
B14
Av.
C 1
C 2
C 3
S4
Av.
1960
3060
5480
4820
3890
5630
5720
5700
5440
3610
5200
5310
4652
3150
2570
4060
2940
3010
5830
5800
3540
3862
4180
5020
5080
5160
4560
5110
4150
3720
3440
4720
3960
4860
3970
4456
3560
3560
3780
4310
4940
4343
.74
.68
.93
.86
.90
.84
.84
.82
.75
.98
.81
.97
.84
.88
.90
.74
1.00
.68
.83
.69
.70
.80
.86
.85
.81
.95
.74
.84
.79
.68
.95
.72
.95
.81
.71
.82
.67
.67
.94
.91
.72
.86
Des.
C 5
C 6
C 7
C 8
C 9
C 12
Av.
C10
C11
Av.
C13
C15
C16
Av.
C14
Av.
S17
C18
C19
C20
C24
Av.
C21
C22
C23
Av.
D 1
D 4
D 9
D10
D 12
D 13
D14
Av.
D 2
D3
D 5
D 6
D 7
D 8
D11
Av.
stiff stringer receives a smaller share. In the several series the
stiffness of the beams (a property which may be considered to
vary as the reciprocal of the modulus of elasticity) ranged from,
say, 0.75 of the average stiffness for the series to, say, 1.25 times
RatioElastic atioto Maxi- Des.Limit mum
mum
3165 .87 D20
3620 .84 D21
2360 .64 D23
4065 .94
2715 .90 Av.
4970 .90
-- - D 15
3482 .85 D 16
D 17
3660 .77 D18
2530 .74 D 19
- - D 22
3095 .76 D24
D25
3900 .76 D26
3940 .80
4900 .94 Av.
4247 .83 E 1
E 2
3915 .87 E 3
- E 4
3915 .87 E 5
E 6
2710 .79 E 7
2155 .64 E 9
2670 .72 E11
2180 .72 E12
2795 .57
- -- Av.
2502 .69
E 8
1930 .67 E10
2180 .69
2018 .66 Av.
2043 .67 F 1
F 2
3820 .74 F 3
3730 .65 F 4
3370 .87 F 5
2950 .78 F 6
2940 .72 F9
3100 .72 F11
3320 .88 F12
- F 13
3320 .77 F15
2790 .68 Av.
2180 .65
1950 .77 F 7
2160 .61 F 8
3660 .71 F10
2620 .75 F14
2830 .64 F16
2598 .69 Av.
_~~
Elastic RatioLimit to Maxi-
mum
4330 .97
4280 .71
4510 .88
4373 .85
3680 .78
1460 .55
3530 .70
3600 .72
4020 .66
3570 .65
4180 .92
2500 .76
3380 .71
3324 .72
3050 .92
5360 .97
4970 .94
3260 .86
3160 .92
3490 .97
2960 .76
5090 .89
4660 .94
3500 .78
3950 .90
4120 1.00
2260 .69
3190 .84
3730 .88
3420 .86
3940 .93
3410 .82
4980 .98
4890 .98
4700 .78
4080 .90
4250 .80
4020 .92
4370 .81
4163 .88
2920 .79
2550 .78
3180 .87
4280 .91
4560 .88
3498 .85
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the average stiffness. A weak stringer, if placed beside an aver-
age stringer of its kind, would then take 75% of the load carried
by the average stringer, or 86% of its half of the load. A stiff
stringer, if placed beside an average stringer of its kind, would
take 125% of the load carried by the average stringer, or 111%o of
its half of the load. As the tests show that the stringers with
low carrying strength were generally less stiff than the strongest
sticks, this variation may be considered to be helpful when sticks
having defects are placed beside good timber. A 6, C 11, D 5, and
D 16 may be cited as examples where large knots and poor grain
acted to give low stiffness and low strength. The stiffness of A 6
was only 67% of the average of its series, and D 16 only 47%.
The modulus of elasticity of the full-size beams is given in
Table 21. It was calculated from the deflection for the straight
portion of the deflection curve, using the formula for center
23 Wildeflection, 129 l , given on page 7. The extremely low values
are in sticks having large knots and cross grain. With the excep-
tion of a few values, the modulus of elasticity in each series is
fairly uniform.
In the tests in Series C the deformation of the top and the
bottom fiber along the middle of the beam was measured, as
already described. The fiber stress was calculated by the usual
beam formula, and from this calculated fiber stress and the meas-
ured deformations the modulus of elasticity for the top and bot-
tom fiber was calculated. The results are given in Table 22, to-
gether with the modulus of elasticity determined from the deflec-
tions. In making comparisons it must be borne in mind that the
formula for fiber stress and that for deflection are based upon the
assumption of a uniform and homogeneous beam and also that the
horizontal shearing deformations are neglected. The modulus of
elasticity obtained from the deformation of the bottom fiber aver-
ages somewhat less than that obtained from the deformation of
the top fiber, and the average modulus of elasticity obtained from
the deflections is markedly less than either. It would be interest-
ing to know what part of this difference is due to horizontal shear-
ing action and what part to variability of the wood from heart to
outer fiber.
Table 23 gives the modulus of elasticity of the small beams
taken from the stringers of Series A, B, D, E, and F. The
TALBOT-TESTS OF TIMBER BEAMS 51
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FIG. 10. VALUES OF FIBER STRESS AT ELASTIC LIMIT.
values are calculated from the center deflections, typical load-
deflection diagrams being given in Fig. 20 to 23. The very low
values of the modulus of elasticity are in beams having knots.
It is seen that the averages are a very little lower than those
found for the full-size beams.
Table 24 gives the modulus of elasticity of the small beams
of Series M and N calculated from the center deflections.
24. Efect of Knots and Other Defects.--Certain statements bear-
ing on the influence of knots upon the strength and manner of fail-
ure of timber beams, which are apparent from a study of the gen-
eral properties of wood, are confirmed by these tests. The pres-
ence of small knots along or near the neutral axis, especially
toward the ends of the beam, increases the resistance to horizon-
tal shear. Seasoning checks do not form to the same extent nor
are they continuous for so great a distance in wood having knots
so located, and a shear failure passes around such knots and makes
a jagged and irregular break. The presence of larger knots along
the middle of the beam, located in such a way that their influence
(i. e., with reference to the direction of the grain) does not extend
into the lower or upper one-third of the depth of the beam, is not
especially injurious. It is important to note, however, that knots
located in the lower quarter or upper quarter of the beam and
within the portion of the length which has the maximum bending
moment, as for example the middle third in beams loaded at the
one-third points, decrease the carrying strength of the beam very
markedly and constitute a serious defect. The defect has greater
influence when the knot carries with it a considerable change of
TALBOT-TESTS OF TIMBER BEAMS
TABLE 22.
MODULI OF ELASTICITY CALCULATED FROM DEFORMATIONS AND
DEFLECTIONS.
The modulus of elasticity was calculated, (1) from the deformation on the
compression side, (2) from the deformation on the tension side,
(3) from the deflection of the stringer.
Modulus of Elasticity
lb. per sq. in.
(1) Top Fiber (2) Bottom Fiber (3) Deflection
1 930 000 1 765 000
1 925 000 1 650 000
2 130 000 2 400 000
2 400 000 1 690 000
2 096 000
1 580 000
1 650 000
1 50n 0n00
1 040 0006  
1 740 000
1 740 000
1 065 000
1 750 000
1 552 000
2 440 000
2 040 000
2 200 000
1 695 000
2 094 000
1 960 000
1 900 000
1 530 000
1 430 000
1 260 000
1 630 000
2 265 000
1 226 000
1 650 000
1 876 000
1 650 000
1 600 000
1 0n0 0n00
1 770 000
1 390 000
1 535 000
963 000
1 860 000
1 478 000
1 830 000
1 800 000
2 020 000
2 140 000
1 992 000
1 430 000
1 170 000
1 500 000
905 000
1 400 000
1 725 000
1 175 000
1 329 000
1 590 000
1 595 000
1 595 000
1 585 000
1 591 000
1 224 000
1 325 000
1 045 000 n
1 350 000
1 225 000
1 300 000
887 000
1 478 000
1 229 000
1 590 000
1 474 000
1 645 000
1 570 000
1 570 000
1 150 000
1 060 000
1 090 000
1 130 000
975 000
1 030 000
1 132 000
1 095 000
1 083 000
Description
Untreated shortleaf pine.
Untreated shortleaf pine.
Untreated shortleaf pine.
Untreated shortleaf pine.
Creosoted shortleaf pine.
Creosoted shortleaf pine.
Creosoted shortleaf pine.
Creoseted shortleaf pine.
Creosoted shortleaf pine.
Creosoted shortleaf pine.
Creosoted shortleaf pine.
Creosoted shortleaf pine.
Untreated loblolly pine.
Untreated loblolly pine.
Untreated loblolly pine.
Untreated loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
Creosoted loblolly pine.
direction of grain on either side and above and below it. Beams
A 6 and F 7, Plates 1 and 8 are eximples of this. Special care
should be given in inspection to throw out sticks in which the size
and location of knots are such as to impair the strength of the
stick, even if such rejection may increase the cost of the materials.
It seems to be true that the influence of knots is less when the
stick is placed so that the knot comes on the compression side
rather than on the tension side, provided, of course, the knot is
solid.
Cross grain is a common defect which seriously impairs the
strength of timber. The saw marks may hide the grain. Tension
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TABLE 23.
MODULUS OF ELASTICITY OF SMALL BEAMS.
Values are given in lb. per sq. in.
Des. E Des. E Des. E Des. E
Series A. Untreated Longleaf Pine.
Ala 1665000 A 6a 1005 000 A Ila 1546 000 A 16a 1 570 000
Alb 1 323 000 A 6b 1 422 000 A llb 1 750 000 A16b 1 570 000
A le 1593000 A 60 1 333 000 Allo 1585 000 A 16c 1 715 000
Alb 1642 000 A 6d 1 593 000 Alld 1568 000 A 16d 1800 000
A 2a 2 000 000 A 7a 1 690 000 A 12a 1 641 000 A 17a 1 527 000
A2b 1 740 000 A 7b 1 735 000 A 12b 1 297 000 A 17b 1 353 000
A 2 1 960 000 A 7c 1 814 000 A 12c 1 700 000 A 17c 1 567 000
A 2d 1 863 000 A 7d 1 863 000 A 12d 1 470 000 A 17d 1 617 000
A3a 1 520 000 A 8a 1 347 000 A 13a 1 325 000 A 18 1 502 000
A 3b 1 616 000 A 8b 883 000 A 13b 1 350 000 A 18b 1 690 000
A 3c 1 460 000 A Sc 1 078 000 A 13c 1 519 000 A 18e 1 420 000
A 3d 1 550 000 A 8d 1347000 i A 13d 2 035 000 A 18d 1 520 000
A4a 1 445 000 A 9a 564 000 A 14a 1 645 000 A 19a 1 323 000
A4b 1347 000 A 9b 1 433 000 A14b 1200 000 A19b 1 125 000
A4c 1010 000 A 9c 1 640 000 A14c 1200 000 A 19c 663 000
A4d 981 000 A 9d 1 246 000 A 14d 1 347 000 A 19d 1 078 000
A5a 1 078 000 A 10a 1 346 000 A 15a 2 056 000 A 20a 1 593 000
A5b 1 250 000 A 10b 1 005 000 A 15b 2 155 000 A 20b 1 642 000
A5e 981 000 A 10c 1 423 000 A 15c 1 567 000 A 20c 1 765 000
A 5d 1 152 000 A lOd 1 294 000 A 15d 1 275 000 A 20d 1 690 000
Av. .......... 1 462 000
Series B. Unseasoned Longleaf Pine.
B lb 1 315 000 B 5a 2 060 000 B 8a 1 390 000 B lb 1 337 000
B Ic 1 170 000 B 5b 2 155 000 B 8b 1 396 000 B 1lc 1 723 000
B2a 1495 000 B 5 2 125 000 B 8c 1565000 B lid 1 587 000
B 2b 1 803 000 B 5d 1 867 000 B 8d 1 495 000 B 12a 1 570 000
B 2e 1 386 000 B 6a 1 170 000 B 9a 1 645 000 B 12b 1 380 000
B 2d 1 338 000 B 6b 1 383 000 B 9b 1 705 000 B 12c 1 136 000
B 3a 1 673 000 B 6c 1 705 000 B 9c 1 720 000 B 12d 1 095 000
B 3b 1 433 000 B 6d 1 703 000 B 9d 1 685 000 B 13a 1 338 000
B 3c 1 553 000 B 7a 1 575 000 B 10a 1 540 000 B 13b 1 465 000
B 3d 1 515 000 - B 7b 1 450 000 B 10b 1 643 000 B 13c 1 460 000
B 4a 1 895 000 B 7c 1 402 000 B 10c 1 848 000 B 13d 1 617 000
B 4b 2 015 000 B 7d 1 415 000 B 10d 1 630 000 B 14a 1 182 000
B4c 1990000 Blla 1 385000 B 14b 1 375 000
Av. ......... 1 558 000
Series D. Creosoted Loblolly Pine.
D 16a 443 000 D 20a 1 152 500 D 22a 1 495 000 D 24c 1 380 000
D 16d 100 000 D 20b 1 225 000 D 22b 1 643 000 D 24d 1 510 000
D 17a 760 000 D 20c 1 178 000 D 22c 1593000 D 25a 1 193 000
D 18a 907 500 D 20d 1 120 000 D 22d 1 567 000 D 25b 1 163 000
D 18c 1 177 000 D21a 1 030 000 D 23a 1 665 000 D 250 905 000
D 19a 1 795 000 21b 1 380 000 D 23b 1 700 000 D 25d 807 000
D 19b 1 486 000 D 21c 1 303 000 D 23c 1 542 000 D 26a 1 145 000
D 19c 1 120 000 D 21d 1 355 000 D 23d 1 457 000 D 26b 1 505 000
D 19d 1 175 000 D 24a 1 430 000 D 26c 1 225 000
D 24b 1 565 000 D 26d 1 470 000
Av. ........ 1 260 000
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TABLE 23 (Concluded)
MODULUS OF ELASTICITY OF SMALL BEAMS
Des. E Des. E Des.
Series D. Untreated Loblolly Pine
D4a
D4b
D4c
D4d
D 6a
D6b
D6o
D 6d
D7b
D 7
D 7d
D8a
T sh
1 660 000
1 695 000
1 512 000
1 405 000
920 000
766 000
975 000
1 110 000
1 720 000
1 153 000
1 600 000
997 500
1 0.n n• o
D8c 865 000
D8d 1 120 000
D9a 1 396 000
D9b 1 418 000
D 9 1 280 000
D9d 1 112 000
D 10a 1 725 000
D 10b 1 485 000
D 10c 1 156 000
D 10d 1 385 000
D 1la 1 293 000
D llb 1 228 000
D 1ll 905 000
Av,
Dnld 896 000
D 12a 1 225 000
D12b 1 330 00
D 12c 969 000
D 12d 1 016 000
D 13a 1 215 000
D 13b 1 150 000
D 13 1 276 000
D 13d 1 452 000
D 14a 1 373 (00
D 14b 972 500
D 14c 1 460 000
D 14d 1 465 000
...... 1 243 000
Series E. Old Douglas Fir
Ela 1897000 E4a 1718000 E7a 2030000 EO0a 1610000
, lb 1 875 000 E4b 1862 000 E 7b 1 875 000 E 10b 817 000
Ele 1 883 000 E 4c 1 640 000 E7o 1 563 000 Ell 1 408 000
E Id 1 850 000 E 4d 1 845 000 E7d 1 665 000 E 10d 1 616 000
E 2a 1 850 000 E 5a 1 380 000 E 8a 1 960 000 E 1la 1 490 000
E 2b 2 070 000 E 5b 1 534 000 E8b 859 000 Ellb 1 618 000
E2c 1 730 000 E 5e 1 815 000 E 8c 1 650 000 Ello 1 103 000
E2d 2 040 000 E5d 1 800 000 E 8d 1 569000 Elld 1 820 000
E 3a 1 765 000 E 6a 1 485 000 E9a 1 350 000 E 12a 1 448 000
E3b 1 715 000 E6c 1 617 000 E9b 1 442 000 E 12b 1 708 000
E 3 1 667 000 E 6d 1 690 000 E 9c 1 442 000 E 12c 1 393 000
E 3d 1 650 000 E9d 1 665 000 E 12d 1 446 000
Av. ...... 1 635 000
Series F. New Douglas Fir
F4a
F4b
F4c
F 4d
F 9a
F9b
F 9c
F 10a
F 10b
F 10c
F 10d
1 717 000
1 557 000
1 443 000
1 470 000
1 675 000
1 282 000
1 673 000
1 765 000
1 765 000
1 680 000
1 176 000
Flla 1a
File
F lidlld
F 12a
F 12b
F 12c
F 12d
F 13a
F 13b
F 13c
F 13d
Av.
1 720 000
1 505 000
1 755 000
1 533 000
1 432 000
1 237 000
1 567 000
1 382 000
1 306 000
1 487 000
1 328 000
1 276 000
F 14a
F 14b
F 14c
F 14d
F 15a
F 15b
F 15c
F 15d
F 16a
F 16b
F 16c
F 16d
1 250 000
1 250 000
1 330 000
1 176 000
1 485 000
1 406 000
1 510 000
1 225 000
1 562 000
1 730 000
1 363 000
1 250 000
1 413 000
Des. I E
1 570 000
1 340 000
1 487 000
1 420 000
1 330 000
1 383 000
527 500
1 290 000
1 143 000
902 500
885 000
1 195 000
1 340 000
983 000
1 127 000
1 010 000
882 000
1 147 000
1 825 000
1 366 000
1 345 000
1 513 000
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TABLE 24.
MODULUS OF ELASTICITY OF SMALL BEAMS, SERIES M AND N.
Des. E Des. E Des. E Des.
Series M. Creosoted Loblolly Pine.
1 565 000
1 476 000
1 075 000
1 188 000
1 275 000
982 000
1 213 000
1 214 000
1 110 000
1 176 000
1 386 000
1 437 000
1 392 000
1 223 000
1 445 000
1 017 000
M3al 1 128 000 M4al
M3al 1 075 000 M4al
M3a2 1 120 000 M4a2
M3a2 1 070 000 M4a2
M3a3 1 058 000 M4a3
M3a3 932 000 M4a3
M3a4 884 000 M4a4
M3a4 1 262 000 M4a4
M3c1 1 128 000 M4cl
M3 1 987 000 M4ol
M3c2 1 320 000 M4c2
M3e2 1 248 000 M4c2
M3c3 1 314 000 M4c3
M3c3 1 303 000 M4c3
M3c4 1 200 000 M4c4
M3c4 1 190 000 M4c4
A v ....... .................... ...
1 440 000
1 445 000
1 470 000
1 560 000
1 387 000
1 607 000
1 540 000
1 415 000
1 466 000
1 470 000
1 372 000
1 316 000
1 538 000
1 715 000
1 715 000
1 568 000
1 275 000
Series N. Loblolly Pine.
Untreated
Nlcl 752 000
Nicl 692 500
Nlc3 907 000
Nlc3 858 000
Nal 735 000
Nlal 07 500
Nla3 1 055 000
Nla3 796 000
N2c3 1 212 000
N2c3 1 223 000
N2al 1 568 000
N2al 1 653 000
N2a3 1 293 000
N2a3 1 345 000
N3cl 1 570 000
N3cl 1 300 000
Av......... .. ..
N3c3 1 225 000
N3c3 1 188 000
N3al 1 301 000
N3al 1 213 000
N3a3 1 495 000
N3a3 1 530 000
N4cl 735 000
N4cl 925 000
N4a3 1 380 000
N4a3 1 415 000
...... .. .. 1 161 000
Creosoted
N1c2 747 5(X) N3c2 1 305 000
Nlc2 784 500 N3c2 1 268 000
NlI4 794 000 N3c4 1 323 000
Nlc4 872 500 N3c4 1 297 000
Nla2 736 000 N3a2 1 260 000
Nla2 736 000 N3a2 1 304 000
N1a4 849 000 N3a4 1 043 000
Nla4 566 000 N3a4 1 133 000
N2c2 1 223 000 N4c2 693 000
N2c2 1 460 000 N4c2 1 020 000
N2C4 1 200 000 N4c4 1 130 000
N2c4 1 040 OO0 N4e4 739 000
N2a2 1 500 000 N4a2 1 270 000
N2a2 I 470 000 N4a2 1 333 000
N2a4 1 382 000 N4a4 1 165 000
N2a4 1 076 000 N4a4 1 178 000
Av............. .............. .... 1 091 000
breaks at low loads in full-size
cross grain.
sticks may frequently be traced to
Shakes and seasoning checks are deleterious to horizontal
shearing strength. A shake in the lower or upper portion may
cause failure in tension or compression or a combination of one of
these with shear failure. The liability of a wood to check during
the time of seasoning has then an important bearing upon its
desirability.
1 258 000
1 065 000
1 470 000
1 260 000
1 190 OO
1 295 000
1 225 000
1 187 COO
1 082 000
1 225 000
1 066 000
1 225 000
1 340 000
1 115 000
1 110 000
1 052 000
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That knots and cross grain contributed largely to the weak-
ness of the timber is seen in looking over the results, although it
should be noted that in most of the stringers the defects were not
such as to have caused rejection under ordinary inspection. In
Series A, nearly every piece which failed in tension had knots and
cross grain. A 6 and A 10 (Plates 1 and 2) are good examples,
particularly of the low strength which may result from such
defects. The stringer A 6 had been selected as an example of
knots which were plain cause for rejection. In Series C four sticks
failing in tension gave low values, due to knots and cross grain.
In Series D, six sticks showing bad knots and cross grain failed
in tension. In the same way the fir stringers failing by tension at
low loads contained knots and showed cross grain. All of these,
however, would be called good sticks. A 4 is an example of a de-
fect of another kind causing tension failure, in this case a hidden
defect, as the shake was not visible externally. The seasoning
check in A 1 along which it failed by horizontal shear at a very
low load was conspicuous; but horizontal shear did not always
occur along seasoning checks which seemed the most important,
and some sticks, as B 11, which were fairly free from seasoning
checks, failed by horizontal shear. C 9 and D 14 are examples of
cross grain affecting the horizontal shearing strength. A study
of the views given in the Plates 1 to 16 will indicate something of
the size and position of defects.
25. Relation of Depth to Length.-It is evident that for stated
values of the modulus of rupture and of the longitudinal shearing
stress in a beam, a ratio of length of span to depth of stringer
will exist for which the stringer is as likely to fail in cross bend-
ing as in horizontal shear. Thus, for a modulus of rupture of
5000 lb. per sq. in. and a horizontal shearing stress of 300 lb. per
sq. in., using one-third point loading, a span twelve and one-half
times its depth will give the two stresses simultaneously. This
makes a depth of 13 in. for a span of 131 ft. If instead of the
modulus of rupture the elastic limit be used, say, 3000 lb. per sq.
in., and if for the elastic limit or yield point of the horizontal
shearing strength 300 lb. per sq. in. be taken, the resulting ratio
is 72. This would correspond to a depth of 21.6 in. for a span of
131 ft. For the first-named values, the carrying strengths of beams
of depths greater than 13 in. would increase only as the depth of
beam; for the latter, depths less than 21.6 in. would not fail in
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horizontal shear before the elastic limit of the material was reached.
It may be well to find whether the tests bear out such reasoning
and whether other conditions may not cover up the influence of
such a comparison.
In Table 8 are given values for longleaf pine for depths of 12,
14 and 16 inches. It is plain that the small number of test pieces
and the variation in results will not permit conclusions to be
drawn. Some of the groups contained more poor sticks than
others. The abnormally high values found in A 11, A 12, and A 13
help to make comparison difficult. Evidently the data are insuf-
ficient to show whether the horizontal shearing strengths will be
alike for stringers of different depths. Uniformity in selection is
difficult, and it is likely that any variation in the strength found
in even a long series would be masked by differences in the selec-
tion of the piece and the method of seasoning.
It must be remembered that additional depth gives additional
stiffness and smaller deflections at the same fiber stress and that
stiffness is an important element in bridge stringers. Even if
horizontal shear controlled the strength in a given depth of
stringer, greater depth may be accepted as an additional safe-
guard against failure at relatively low loads by reason of knots
and similar defects which may have passed by unnoticed, and it
will be seen that the tests include a number of stringers which
failed in cross bending at unexpectedly low loads. It seems to be
the case that unnoticed defects which seriously affect cross-bending
tensile strength are more frequent than are the defects which give
low shearing strength. If the ultimate horizontal shearing
strength of timber is but little higher than the yield point in
horizontal shear, as seems to be the case, it would seem reason-
able to use a relatively higher working stress in shear than in
fiber stress, or in other words, to make a lower factor of safety
for horizontal shear than for fiber stress. This, in effect, agrees
with current usage.
26. Efect of Seasoning and of Creosoting.-The tests may not
be expected to throw light upon the effect of seasoning on the
strength and stiffness of timber. The presence of knots and
cross grain in a few sticks in one series, even minor variations in
the quality of the wood, may easily neutralize the effect of differ-
ences in moisture. Series A and B give no marked differences in
either strength or stiffness. The principal difference in results
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in Series E and F is in stiffness, but the higher modulus of elas-
ticity in the long-seasoned timber may be due in part to differ-
ences in wood. The effect of seasoning upon resistance to hori-
zontal shear through the development of seasoning checks is im-
portant, and it is apparent that even in the earlier stages of sea-
soning (as shown in Series B) the formation of seasoning checks
produces a marked weakening effect and must be taken into
account in estimating the strength of large size timber. It may
be expected that for such timber the differences in strength and
stiffness of partly-seasoned timber and well-seasoned timber will
be less than the differences due to variations in quality, except
that the increase in seasoning checks is likely to reduce the
resistance to horizontal shear.
It has been thought that the creosoting preservation process
weakens timber through the action of the high temperature in
the preliminary steaming process and through the presence of
the oil in the walls of the cells of the wood. The opinion was
once advanced that the oil had the effect of the same amount of
moisture, but this seems not to have been verified. It has been
shown, however, that long exposure to steam at high pressures
and high temperatures is detrimental. It would seem, too, that
the injection of oil will retard further seasoning and thus preclude
the gain in strength which would come with time. It must be
expected that differences in test pieces due to knots, cross grain,
and quality of the wood may exercise a greater influence than
does the process of creosoting.
It will be seen that in the shortleaf pine stringers of Series
C the creosoted sticks average 22% less in elastic limit, 17% less
in maximum strength, and 23% less in stiffness than do the
untreated sticks. In the loblolly pine stringers of the same series,
the creosoted sticks average 44% less in elastic limit, 30% less in
maximum strength, and 31% less in stiffness. However, in the
loblolly pine stringers of Series D the creosoted sticks show the
greater strength and there is little difference in the average stiff-
ness. The greater freedom from defects found in the creosoted
stringers of Series D as compared with the defects found in the
untreated stringers will account for at least a part of this seem-
ing discrepancy.
The test pieces of Series N seem to offer good conditions for
comparison. Of the pieces into which the four stringers were
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cut, every other piece was creosoted and the remainder were left
in the natural state. The untreated test pieces had nine months
longer in which to season, which probably offset any advantage
which the creosoted sticks may have received in the steaming
process. Two pieces in the creosoted lot had bad knots. The
creosoted test beams averaged 16% lower in elastic limit, 22%
lower in maximum fiber strength, and 60 lower in stiffness than
did the untreated test beams. The creosoted shear blocks aver-
aged 8%o less than the untreated shear blocks.
As a whole, then, the tests go to corroborate the view that
the creosoting preservative process of the ordinary practice
decreases the strength and stiffness of beams; but the tests do not
throw light on the cause of the difference. Attention may be
called to the low resistance to compression at right angles to the
grain (bearing strength) which was found in some of the creosoted
loblolly stringers.
27. Properties of the Different Woods.-It will be noted that
for the untreated stringers the range of averages for elastic limit,
fiber stress, and shearing stress developed in the several woods
is small if we except Series D which seems to have had a large
proportion of defective sticks. Omitting Series D, the range of
the averages is from 3823, 4420, and 300 lb. per sq. in. for elastic
limit, fiber stress and shearing stress, respectively, in the old
Douglas fir to 4336, 5430, and 354 lb. per sq. in. in the longleaf
pine. The high fiber stress shown in the small test beams cut
from the longleaf pine and old Douglas fir stringers is ineffective
by reason of low shearing strength and the influence of defects.
The low shearing strength is due largely to the presence of large
seasoning checks. The longleaf pine showed the greatest effect of
seasoning checks, but the shearing strength of the old Douglas
fir was much lower. The loblolly pine makes a better showing
than might be expected from the general softness and brashness
of its wood, and this is due to a relatively high shearing strength.
The loblolly pine is less stiff than the other woods. Of course,
durability is not here taken into consideration. It would be inter-
esting to know where the elastic limit in-horizontal shear lies in
these woods, particularly in those having large seasoning checks.
28. General Comments.-The ground covered by these tests is
so great and the information obtained so varied that no attempt
will be made to give a summary of the results. Conclusions have
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been stated throughout the discussion. However, it seems proper
that at the risk of repetition the following statements be given
here.
1. The preponderance of failures in horizontal shear is very
marked in every series of tests. The results emphasize the im-
portance of the shearing resistance of the wood in beams of the
dimensions of those tested. The cross-breaking failures were in
sticks having bad knots and cross grain. A few of these defect-
ive sticks would not be called merchantable timber, but many of
them might pass inspection as it is usually made. The influence
of defects is very marked. Knots, cross grain, and seasoning
checks act to give low strength. Any tendency to relax require-
ments and inspection should be avoided, unless accompanied with
the use of lower working stresses.
2. The horizontal shearing resistance developed in the
stringers is low in every series of tests. The averages range
from 300 to 390 lb. per sq. in., and in individual cases the stress
is as low as 200 lb. per sq. in. Comparatively little difference in
shearing resistance is found for the different kinds and conditions
of wood, for in the clear sticks of the stronger woods large sea-
soning checks act to prevent the utilization of the full cross-
breaking strength of the timber.
3. For the cross-breaking failures the fiber stress developed
was also generally low, averaging for the untreated timber from
3690 lb. per sq. in. in the old Douglas fir to 5300 lb. per sq. in. in
the longleaf pine. One longleaf pine stringer developed a fiber
stress of 8410 lb. per sq. in., and a value as low as 2530 lb. per
sq. in. was found.
4. The elastic limit of the beams is seriously affected by
defects like knots and cross grain. However, in general, the fiber
stress at the elastic limit is proportionally high, the ratio to the
fiber stress at failure averaging from 0.67 to 0.90 for the several
series of tests.
5. The strength developed in the small test beams cut from
the top and bottom of the stringers averages from 50% to 100%
higher than that obtained in the stringers, and the results show
the futility of taking tests of small sticks as a criterion of the
strength of full-size structural timber. The shearing strength
developed in the stringers was 60% to 100% of the shearing
strength developed in shear blocks cut from the uninjured end of
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the stringers at mid-depth and having their full thickness; but
these strengths of the shear blocks are much less than will be
obtained on small pieces of selected timber.
6. In woods which develop large checks and cracks in sea-
soning, care should be given to avoid rapid and uneven season-
ing in large sticks. Seasoning checks should be recognized as a
common source of weakness.
7. The tests of creosoted sticks are insufficient to warrant
drawing conclusions. They seem to corroborate the view that
timber treated by the creosoting process as usually operated has
somewhat less strength and stiffness than untreated timber. The
stopping of further seasoning in the creosoted wood is an element
which should be considered in such a comparison.
8. The fact that sticks having knots and cross grain are
generally less stiff than clear sticks results in the weaker stick
taking less than its share of load and the stronger and stiffer
stick taking more than its share when defective and clear sticks
are placed side by side and are loaded so as to have the same
deflection. It is evident that stringers having defects may not
receive their calculated proportion of the load. It is interesting to
note that the modulus of elasticity calculated from deflections is
less than the values derived from the observed deformations of
the outer fibers.
9. It is evident that the defects found in structural timber
have a strong influence on strength and that rigid inspection
should be given.
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